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“DTNB: si An. “apparatus for ‘studying the Bifect ce Genma Radiation IG > 
: “oS en Semiconductor Materials a Serene rr 


PERIODICAL: Atomnaya energiya, 1960; Vol. ey No. 55 pp. ‘408 - 409 


: TEXT: fin the * peauent "Letter to the Editor", a Gabalt ‘apparatus foe 
othe: ‘dy of: the. electrical Proper. 
ties of “gemiconduc 3 ibed. r 
4958 ‘by, “the /-Piziko- vtekhnicheskiy institut 
and mechnolon of the AS USSR). The. principal use of.. 
~ in the production. of defects - eles are constant in time; “To obtain” 
enough defects, fluxes. of 1011 em7*sec™| are required. Fig.1 gives .a a ee 
“ schematic ‘representation . of: the Seyret Fig.2 shows ‘the. ‘experimental - 
chamber. Both are described in detail. ‘The dose rate was measured at ee Se 
different points of the. chamber, and. some of the results are given imi See, 
a Table. ‘The highest dose rate of 128 ee was found at the center aa 
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An: ‘ppdratus for’ unig tun tie Effect oof, Pare Jsa/oo/o05/or0/o% 
Gamma. Hadiation on semiconductor - ee -B006/8 BO70" : 


“Meteriqls oe 


“the: chamber. floor} 40 mm pee floor it was only 72 yx ficer 20 mn: 


above, 143 r/see ‘and 40 mm. above, 22 r/sec (ell values ‘refer to the: 


center jof. the chamber). There. were no disturbances during the experi- 
_- ment, the “york was satisfactory in all respects. L- VY. Maslova is: 

| thanked’ for help in. ‘measuring the field of gamma - ‘radiation. There. are” 
Caen figuses > 1 fables and 2 soviet. Fae ahaa : gies 


~ sunte: os april. 6, 4960 


: egend! to Fig: a1: sonene of: the: 
apparatus: 4 © ¢660. standard ~ 
sources. pone 400. g-equ- Ras) 
ho ren ‘tank; 2.9 @ high, f filled 


Bane: 299 x 006 me, wall? thickness: 


me) on. the} iinside; 3 - chamber with the semple- Pe SSN 


comple yely with age 


5 mm; 4 7 ‘copper tube 125 mm wide . 
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ti “Scheme of the. sample chamber. 1 ~ measuring. 
>. Cwegsel;.2 = cover; 3 - rubber PING fe” 


aes - hermetically closable opening through: 


rR 


Mb 


jiimoorrrerrrem 


eacurement of the electrical paranetess of .. 
‘the irradiated samples; 5 - two BOPPOr ee 
6 - holder for the sample (7) made of.. 
asbestos cement; 9 - conical’ insert; 

"10 --guide box. 
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"Impurity Photoconductivity. Kinetics," 


are to be: aubmitted for the Intl. Conférence on: Potoconductivity, TUPA2, 
Cornell University, Ithaca, BY, 2 21-2h Aug 196h 
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AUTHORS: | Vitovskiy; No oAes ‘Maleyev, Pp, I. Matveyey, 0. ee oes 
ee -. Ryvkin, S. M.. and Tarkhin, D..V. 


TITLE: Silicon’ N-P ‘Counters: of Heavy Charged: Particles. 
Operating. Without an. Ext erral Power. Supply. eos 


PERIODICAL! Pribory a tekhnika eksperimenta, 1961, No. 2, Pp. 82- 85 


) TEXT: Fused ‘silicon ‘diodes. ‘having an n-p junction. area of: 
about 1 mm“ have been: studied in order to determine their counting” 
properties when operated as short-circuited rectifiers. The. oe 
‘saturation .current.-in the- counters studied was not over 0.1 pA; 
the leakage resistance was several megohms. Under ‘such | conditions, 
short-circuit current rectification can be realized by using a’ 
250 kilokm load. . In: counters irradiated ‘with a&-particles -under 
s the above conditions and tested at. room temperature, pulse amplitudes 
- reached ° 2-3 mV. with practically no noise. This performance equals — 
that of ‘counters operating as photodiodes, but .the noise in the » 
latter case ‘increases rapidly. with: increasing: cut-off voltage. ‘In 
both cases (operating as rectifiers or photodiodes) pulse rise time 
“varies from 1 ‘to 5 ‘psec, > The decay time is’ determined by the R-C 
of. the circuit. This:is shown. in the. oscillograms, io ‘In 
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‘Silicon N-P Counters of .-. " 5/120/61/000/002/012/042 
See A ge +B210/8594 : 


Fig. la the. davation of the Garkers. is 1 psec. UPig. Ao. = Senate: : 
edge. of: the “pulse; marker. duration 0,2 usec. Trigger delay. 0.5 secs. 
With decréasing temperature the. pulse amplitude and | duration remain 
‘unchanged. Silicon n-p. counters are regarded as highly promising © 
since even at room temperature they can operate as photovoltaic 
_ cells without an external. power ‘supply. on 
- Comments made during ‘the proof-reading:. The. here qenceinea™ : 
counters. show considerable variance in the amplitudes of: the peices. 
during the . counting of monochromatic particles, i. e, they. are not — 
“suitable for~ spectrometry. At: present, .the laboratory of the :. . 
authors_ manufactures > surface-barrier silicon: ‘counters which. ares 
“guitable for ‘spectrometry (amplitude resolution less than. 1% for. 

. -q=particles with energies of 5.5 MeV), The considerations ~ 9. 
“presented in the paper are in principle. ‘applicable also: for much be 
“spectrometric n-p counters. ‘There are 1 areata and 3 Soviet 
. references, . 


"ASSOCIATION: Fiziko- tekhnicheskiy institut -AN’SSSR’ ipa ae 
zat technical Institute AS USSR) - 3 
"SUBMITTED: 5 February 20, cae NS SAE a 


APPROVED FOR RELEASE: Thursday, September 26, 2002 - CIA-RDP86- 


BERXOVS SKIYs Vella. RIVKIN, “Spi STROMAN, 


Influence of adhesion levels on: the 
the p--r junction. TFize 


le Leningradskiy fizi 


7 “A .Feloffee 
akade A FE q an (qronsistors) 


tvere. ‘tela - 


= APPROVED FOR RELEASE: Thursday, September 26, 2002 CIA-RDP86- 00513R001446520002- 7 


6 Seen oy 


relaxati on of. current ¢ 


sam) 


3 roel: 2230423 


{ko-tekhnicheskiy 4 institut aN ssi 


By GRA RU ba hee Sf Raw PS BSE RS BASES Pie Ne Rea ee Saree 1 SAN? WS REANE SRO 


RPPROVED FOR RELEASE: Thursda 2 01446520 

: y, September 26, 2002 __CIA- 10 

i E TA-RDP86- 

PPROVED FOR RELEASE: Thursday, September 26, ‘202° CIA-RDPB6-00513R0B9@GEE0002-7" 
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“6.9177 Hae yt as : Pas, fee 2, B02 B204. 0 eee oe 
aypnors: .  —Ryvkin, S. M., Paritskiy, Le Ge, 

; Yaroshetskiy, I. De. , 


Khansevarov, Re Yue, and- 


TITLE: 7. Investigation of the kinetics of impurity photoconductivity 
- _. for the purpose of determining the parameters of local. eae 

- levels © eg te : Mei hbase: ag ie 
3, noe ly 1961, 252-266. ie 


PERIODICAL: Fizika tverdogo tela, Vv. 


of impurity photoconductivity ig not only. of .. 
but is also of practical importance for: studying 
the: local electron states in’ the forbidden band and “especially: of its :. 
interaction with exciting: radiation. Apart from an earlier paper by the 
authors, relaxation processes of impurity photoconductivity have hitherto Vo > 
not been investigated in.detail; this wag, however, the aim of the preset : 
_ voluminous papers The authors set. themselves. the task of investigating = 
- theoretically the most important cases of. photocurrent relaxation during .— 
_- excitation in the. impurity region, The rules governing the kinetics of 
~Guparity photoconductivity have certain peculiar features.as is shown oe 


TEXT: An investigation 
interest in principles 
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Investigation of the kinetics of... - ,B102/ 8208 ee 


“here, due to which impurity photoconductivity relaxation differs _ oe 
-essentially from that of. intrinsic photoconductivity. An exact analysis. ,° | 
of these rules shows that: an experimental investigation of the kinetics  § 


of impurity photoconductivity may serve the purpose of determining nee 
. various parameters of impurity centers as, e.g., the photon capture cross ~ 
section, the trapping cross section for free carriers, as well as the oo 
energy position of the impurity level in the forbidden band, the 


- eoneentration of centers and the degree of their completion. In part ie 
of this paper, the most important rules of the kinetics of impurity: ~~ 
photoconductivity in the excitation of carriers for one type of local. 
centers are dealt with. “Phis is done on the basis of an example of a = =~ 
semiconductor, in whese forbidden band there is a sort of local level 9 
with concentration M; these levels are assumed to be in the upper half of: ...”- 
“the band, so that they are in heat exchange with the conduction band.- hee 
This semiconductor is irradiated with monochromatic light of such a 


wavelength that only electrons pass from the local levels onto the 
conduction band, and that monopolar impurity photcconductivity occurs. . 


The equation of motion (13) dAMn/dt-= (m,- An)aJ -- yAn(N tim +n+ An) ge 
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AUTHORS: 
Pe on yaroshetskiy, I.-D. 
wo TITLE: Low-temperature preakdown in germanium in aonnection with =. 
re radiative defects eat Oe er ee oe 
~~ PERIODICAL: Fizika eyerdogo tela, V- 3100+ 4s 1961, 1298-1300 
h group, the 


a m doped with elements of the third or fifth 
. eurrent may suddenly rise at helium temperatures when ..the field applied... 
exceeds a certain critical value. This effect is known 88 low-temperature 
'. breakdown. “Phe following is the mechanism of this effect: At these tempera-. = 
oo ytures, the majority of carriers. causing impurity conduction is localized at. a 

-Gmpurity centers, and resistivity ig high. When 4 field is Replied; the free fe") 

“carriers are accelerated and,.at 4 certain field atrength, their energy i8 s 

igh enough to cause impact ionization of seetiiied impurity centers. The. 
“Low-temperature preakdown. in Ge or gi due to donor or acceptor impurities ~~ 
vestigated repeatedly fhe: present paper is & report on studies 
ch is caused by radiative defects} auch defects have been — 


“ MEXT:. In germaniu 


wes Low-temperature ease: : 
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on produced by jrradiating the semiconductor with gamma 
“Birst, the enerey. levels of the radiative defects ar 
shows the level scheme for gamma-irradiated (a) and fast 
a (b) germanium. The two shallow levels of the radiative 4 
9,02 and 0.01 eV) respectively, off the valency band; 
lectrons only partly or. no® at-all. 
the 0.01-ev level was found to pe fre 
In chemically impure specimens, the presence of 


“lpadiated Ge specimens; 
n compensation, ana the level was partl 


at helium temperatures. 
ffered a certai 


tly oc- 
s of such specimens were 


donor centers 0 
~eupied by electrons: Volt-ampere characteristic 
taken by means of & noharacteriograph.".. They. were analogous +0 those ob- 
“va. and V..Chuyenkov for the low-temperature 


Zavaritskaya, ane 
“ altogether, three specimens were examin-.— 
vv ieetion of shallow radiation levels of . 
then aE pe mi telotem™ 24 (emcand 7 = 


e specimens having @ resistivity of 2. ohm-cm; 
n-type and p-type specimens having ® resistiv-. - 
sured for comparison. THES 22". 


tained by B- vul, 5. 
breakdown due to impurity centers. 
eds - gamma-irrediated 1-y had ‘a conc 


og 7-103}em? and a hole concentration on 
efter neutron. 


| 2-n were n-tyD 
irradiation they were p-type-. é 
ity of 3. and 12 ohmeem, respectively, were mea 
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-. the table. 
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eferences! 9 Soviet—bloc and: 6 LOT ae go) 
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AUTHORS: _ - Paritekiy, L.. Ges Rogacheyy Ae Aes. and Soyuin, Se 
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Kinetics of photocells with | an hi eee photoelectric 


~ PIPTLE: 
; ; effect from a metal: into a semiconductor 


PERIODICAL : Fizika ‘tverdogo tela, ve 3, now: 5s 1961). 1613- 1646 


TEX: The paper by R.- Williams and R. Bube. (Appl. Phys. y 36, No. ‘6. 4960) 
gives a series of proofs for the existence of an "external" photoelectric — 
‘effect taking place: from a metal into a semiconductor. in photocells. con==: 
sisting of a Cu-coated. low-resistance CdS crystal. Earlier. measurements . 
made by the author showed a low inertia in such photocells. The. studies © tofeie ty 
‘the kinetics of. the photocells are similar to those of photocells with. An ee 
junctions which were dealt with.in Ref. 3 (Ss. Me Ryvkin, ZhTF, .XxVII, 655 
1676, 1957) and Ref. 4 (S..M. Ryvkin, N. B. Strokany L. L. Makovskiy, 
ZhtF, XXVIII, 9; aes for, actually, a metal. connected with an n-type: 
semiconductor replaces a p-type ‘semiconductor. In this. case those electrons — 
which have ‘absorbed a photon and ‘whose energy. exceeds the. barrier height eaten 
‘play the. part of the ‘unbalanced minority carriers: in the metal. On the: same 


' Cu + CdS with a resistivity CdS being7%1.ohm.cm were measured. The Cu- 
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“conditions asin Ref. 3a value of 10" ere was sontaiaed. oe the ‘tine: in be 
which a photoelectron passes the region of space charge. In- the: following, an 
the authors demonstrate that the relaxation time of a photocell t , depends - 


on the charging resistance in ‘the following way: with Ry Rp BH (n, = charg- 


ing resistance, Rp, = external differential resistance of a photeael ls. 


T; is independent of Re and equal to Rox (C= capacitance. between the 
layer of space charge and support); with small Ry and if Ryde R BH (Ra 


resistance of ‘the semiconductor)T;, depends. linearly on Rye. Photocells - 


layer was electrolytically. applied from:a Cu 250, solution by N. F. Prikot, 


student of the LGU (Leningrad State University). T. was measured by © the meth 


od of. phase compensation of: light which was sinagoidalty modulated by .a- 
frequency of. 1. Mc. 240 and. 260 were obtained for the capacitance of the 
space bese The capacitance of the support was 00 pf. 1 kohm and eae 


ohms were obtained for for Ry Photocella of this type can be used as 


the metal and the semiconductor employed. The: authors thank F. M. 
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photosensitive receivers with low inertia for the red and infrared range _ 
of the spectrum; also the range of sensitivity can be varied according to 


Berkovskiy for measuring the time constants. There are 2 figures and Sees 


references:4 Soviet-bloc ‘and 1 non-Soviet-bloc. 
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owmie “8 budy:: of ‘wponlinear" pigceccen of celesation of photo- 
ee oe ae conductivity in’ the Lisa of: Baneston levels. oy 


Raed no. 8, 1961, 2245 - - 2258 


PEREODICAD: Plaka, tverdogo tole, 


gordbed ene. ia raat: ‘dataii: were. ae tuetad.- for 
he’ “relaxation of monopolar photoconductivity a 
us MS inear" fillin of adhesion levels... The relaxation curves. ow 
Pe ener a to. Ting or characteristic sections or points,” by : which 
the level parameters. | canbe: calculated. — Earlier ‘already,: ‘Ryvkin. had. Soran: 
the effect. of carrier ‘trapping by adhesion levels: ‘upon the. relaxation. of: 

: monopolar, photoconductivity in ‘the "linear" ‘case (adhesion ‘levels ‘are™ ‘little: 

‘ filled: during the : relaxation process, and the: carrier lifetime ‘is constant). i 
By way of experiments, the authors. have* ‘discovered an intense &- adhesion on’: 
the relaxation curves of CdS single crystals (FIT, II, 35 1960). The study’ 
eae here continued by first observing : theoretically. the- kinetics of afte 
monopolar photoconductivity | at. any. ee of excitation (considerable : ee 


fart Ca 


TEXT: ‘The ‘anvedtigations’ de 
the purpose of calculating + 
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‘study. of "nonlinear" ‘processes, Ofs.. ce Ae ea cc haan 


i filling of. adhesion levels) «. The. ‘effect of ae high: filling degra of” 
adhesion. levels upon the so atencs of a nonlinearly ascending ‘section - in’. 
the photoconductivity curve -is examined. ain Chapter. 1. of: the: present. ‘paper 
onthe basis of the -band- ‘scheme | (Fig. ip ce ~The forbidden| ‘band. contains She 
“recombination centers S$, to which. the: fact is to be ‘aseribed. that. the. 
electron lifetime ee -in’ "the conduction: band is large compared with. the - hole 


- 


‘lifeting c in ‘the val iioe band, “sO, ‘that photoconduction is ‘purely . n-type. 


ti addition,. the- forbidden band dholudes: ‘adhesion: levels’ of. concentration. Mt 
multiple. adhesion on them should be ‘possible. . The photoelectron. 

- concentration (n) in the conduction band -grows in. the initial eee of 
_xelaxation en: £2 > Llowing: the law 


ee, 


ae tes Be Boe Sie ane 


See arrangement shown in Fig. 6° was used for the purpose. Square light pulses: 
were used (front 2° sec) that were produced: by. means - of.a- disk M note vine: 


Ue = card 3/8 £ 
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--where - p denotes the quantum ‘yiele of the inner photoelectric. effect, k is. 
the. light absorption. coefficient, - ‘J-is the light hea tales: the 

: trapping factor of electrons: from. the c-band onto the M leve 

Qos 1/pOHeN oy ), Nag Ne ook -AEy /x?), Nie the effective state. density 


in the c-band, Ag, ee energy of M levels, calculated “from the bottom of 
“the conduction, nee O€ (MeN. “a )/pk. Fig. 2. shows n(t) in case of 


the smoother will be the course of the n(t) curves, i. e., the larger’ thet. 


on S-shaped uasant of photoconductivity can be observed in this case. An_ . 
“experimental study was made of the photoconductivity curves.on CdS single 
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"nonlinear". filling of.-the adhesion levels. The gréater’ ‘the ™ ‘light intensity, up 


First linear sections, the farther they will be shifted to the right... gs 
Chapter 2 deals with the effect of adhesion levels upon the general re 
character of the relaxation curves of photoconductivity. ‘This is done for 

the case of Cc. = const and in the presence of an intense. multiple adhesion. | 


crystals. that were strongly alloyed with ‘silver;: the experimental - 
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‘Study.of "nonlinear" processes of... 


-in the pre-vacuum chamber. ‘The experimental curves showed a good agreement 
With theory. . 4 method for the optical . longwave sounding of local levels is 
-discussed in-chapter 4. . The method is essentially based on what follows:: 9-0. 
the intensity of carrier generation, g, can be. determined from the initial: 
inclination of the curve of the. growth of impurity conductivity, and is) 
‘proportional to the concentration of carriers occupying 4 given level: y, 
‘¢ = mqJ; m is the carrier concentration on. a given level, q the photon ©. A. 
and’ J the intensity of. the longwave light. ‘Since qJ 0° Z 
“the m can be determined from the méasurement Of g@.) 0005 @ 
diated with a- longwave light pulse having a: 2. 
sion rowth of impurity photoconductivity, .. 
om = chig, will be valid, where ig is the amplitude value of the ‘photo-. | 
e induced by the light. pulse and c is an experimental constant 
n the form of the light pulse. “For the case 
Fig. 12 presents the curves of the. 
tives 


capture cross section, 

is easily determinable, 
If.a semiconductor is irra 
‘shorter duration than the time of g 


current puls 

which, inter alia, depends 0 

of a- linear filling of. adhesion levels, 

optical sounding of adhesion levels. during the relaxation of -photoconduc 

ity. Oscillograms obtained experimentally are in agreement with them. By 2g 
optical sounding, n, @, dn/dt, and dm/dt can be determined: at any instantee 28 
- In case of nonlinear relaxation processes, determinations are made noe 
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‘assistance. M..I.. Boyko’ and ° Vv. Ye. Lashkarev are mentioned. There are. oer 
figures and 17 mekerencess 9: Soviet- Dies. and: ‘8. | non-Soviet-bloc. 


ASSOCIATION: .- Fiziko- -tekhnicheskiy ‘institut im. A. BL loffe. AN. ana cs 


SUBMITTED: pone 4, 1961. 


we Fig. 1: Scheme of electron itensition 
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AUTHORS: - Arkad' yeva ; Ye. N., Kasymova, R. S-, Ryvkin, S.M.: o 
he induced defect photoconductivity in telluric’ 


TITLE; | Kinetics of t 
a cadmium . . 


PERIODICAL: Fizika tverdogo tela, v- 3, no. 8, 1961, 2417-2426. 3: 2. se 


TEXT: The authors describe the energy band schemes and the determination. 
of its. various energy levels for monocrystalline GdTe. The effect of 
induced defect photoconductivity occurs according to the energy band scheme 
shown in Fig. 7- | Upon illumination by infrared light the electrons on Moe 
are promoted to the conduction band c from which they either 1) return to M 
or 2) go to (n-type). . Case 2) plays an important part when. the infrared .~ 
light is switched on... In: the. course of time its effect is; however,. weakened | 
(the photecurrent decreases). If the hole concentration in M increases and © 
-. dw § decreases to such a degree that case 1) becomes more probable. than | 
-@ase2), then the photocurrent does no longer decrease and the quasisteady & 
‘state is attained. ‘The exact positions of the individual. levels of the i. 5. 
energy. band schemes are determined by measuring the properties of the — 
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Kinetics of the induced defect --- bag 3 
p-type CdTe in this special state. ‘The measurements. _ 
Ye. N. Arkad'tyeva, L. G- Paritsakiy, Soo Mer Ryvikin vee 
1161, 1960) and S. M. Ryvkin, L. G..Paritskiy, R. Yu 
hetskiy (Ref. 3: FIT; TIT, 252, 1961) ‘vie “these.” 
tion'q of the level M- The Fermi level is measured 
ture dependence of the logarithm of the specimen 


conductivity. which is practically a straight line. It follows from the os 
slove of this straight line that the p-type has approximately 0.33 ev from 
below, and the n-type approximately 0.38 ev from above. To determine the 
energy level which is the principal cause of induced photoconductivitys the. 
authors measure the spectral behavior of induced defect photoconductivity — 
(maxima for p- and n-type approximately 1.8 red boundary for p-type oe eae 
: _approximately 4.3 p, for-n-type approximately 3.5 p) as well as the 22 wae, 
Aa dependence of. the increase- and decrease-time constants on induced defect >=". 
photoconductivity- - From these values the quantity q is determined =... eee 
ptained for. the p-type 
The complete. energy West 


 aecording to Ref. 3. Thus; the values 0.30 ev are 0 
- from below, and 0-33 ev for the n-type from above. 
7 (wm S,s donor level, n-type; 6 S)s acceptor 
table, and 5 references:, 3 Soviet. 


conductivity of n- and 
are made according to. 
(Ref. 1: FIT; IL; “65. 
Khansevarov, I. D. Yaros 
photon capture cross sec 
py determining the tempera 


pand scheme is shown in Fig. 
“level, p-type)> There are §:figures; 1 
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“AUTHORS: Grinberg, Ae ree Ryvkiny- 8: M. 


r nonetéady ‘photomagnetic | effect . 


oo BEDE: : Unipola 
By , 19614 2éTor2ATs 


" PERLODICAL:!  Fizike tverdoge tela, ve 33 nos 


- EXT: While under steady: conditions the ordinary jiotéaagnetic ‘gPéect 
; (Kikoin-Noskov) occurs only in the case.of pipolar photoconductivity ‘of a 
gemiconductor, .a- photomagnetic. effect - (PME) - may occur also ina unipolar.” 
*“gemiconductor under. ‘nonsteady conditions. .° At the moment of. illumination a 
diffusion current of: “unbalanced charge ‘carriers is formed because the © a 
- charges do not-have sufficient ‘time to.form. 4: counterfield.. The noncompen-. 
pated diffusion current of the. unbalanced charge.carriers. is. deflected in. - 
_ the magnetic field. thus causing- the PMB voltage. After the illumination is” 
- . gwitched off. a. voltage of reverse polarity occurs (Fig. 1) due. to’ “guction" 
of the: volume charges: . quantitative eatamar tone: The eubore proceed | frome 


the formula 


part of the “411dmination. range of the specimen with t + wo ; 
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rae cont Dean I= ia ea ae = \} ty— Bpema peaance- M1) 


m®c ” 


given i A. Ae Gethvart (Ref. 1: FIT, “tL; 836, 1960). (, relaxation ‘time, 


p-eLlectron mobilitys t Hall mobility. of the. electrons, ‘the: other ‘denota- De 
- tions are the same as.in Ref..1). Under ordinary conditions, this formule. ee 
4g sufficiently accurate. The: following relation is obtained: for the ae 


‘electric field a PBs oe HONG eae ee 
2 i Ty 


E,= 


; ‘where he oT is the concentration of the: unbalanced carriers” in “the neutral . 


Mg = Ny exP (- ce ae where N, is the effective density’ of the states. of, 


wore ene ae eee ae haitatiay wee pig Piet ee sin octa Ie Og Rr eae 
me SSNS AAG Se ACRES ERASE ES SRANCATE CST ot mee N EE AES ASCENT 
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OS she cshauction band, { the total concentration of. the defects, and 1 m “tne 

‘eoncentration of the nliecie which, in. the case of thermal equilibriun,= ia 
- occupied ‘py electrons, q photon capture cross section in a defect. Pe. 3), 
“cehows the relaxation effect of B, for two ratios t/t. 


BH sed tag ee eer pa 


t 


a ed 
: t 


“holds for the maximum value. The short- ~circuit current is. 


ee the | maximum shores ~cirouit current eaounke ‘to. 


ae teas) = ep BH oH Lane r=]! () ae 


‘The ratio (10) : (aa) indicates that the : none teady unipolar PME is strongly . 
ard 3/54 7 nee 
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: marked. in Pee conductive materials. Thus , with the following values. 


Le fem, L ee by = 0.1 em, €= 16, wH/e=1, Ann, Ipmga 1019, hee 


eas 107194 is 5 obtained for the maximum short-circuit current. “With a 


mobility of. w= 107 cm 2/y sec\the interval ‘resistance R, = 107 ohm. Thus cee 
~ voltage of 107? vis formed at a load resistance R003, Ry oe ‘The authors 


thank L. E. Gurevich ‘for valuable help. There are 3 Figures and 1, Soviet 


- reference. 
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‘AUTHORS t 


1s Ryvkin, Se Mey Khansevarov, R. Yu., and Yaroshetskiy, I. D. . 


I, 


PERIODICAL: Fizika tverdogo tela, v. 3, mO+ 10; 1961, 3211 - 3219 


by some orders. of magnitude. It was examined in n-type germanium 
specimens (g = 20 - 30 ohmecm) irradiated with co? + quanta. Since 
irradiation took place at 10°C, the radiation defects were stable at 
room temperature. The experimental setup is shown in Fig. 1. The 


-giderably. above the level at 0.2 ev throughout the temperature range in- 
““wolved.:, The typical dependence of this photoconductivity on the energy — 
Cara 1/6 7 oe, eee a a eS ae 


TITLE: Impurity photoconductivity with gamma-irradiated germanium — 


‘specimen was placed in a cryostat with KBr-window. All. measurements.were. - 
‘made at .100°K. Parasitic light was eliminated by a set of filters. The | 
“gamma-induced defects in n-type Ge form four levels in the forbidden band. 
which are 0.02, 0.11 and 0.26 ev above the edge of the valence.band and: 

0.2 ev below the bottom of the conduction band. The Fermi level was. ‘con-. 


TEXT: Gamma irradiation of n-type germanium gives rise to an appreciable See 
impurity photoconductivity which exceeds that in nonirradiated germanium Ps 
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‘of. incident: quanta is presente 
‘impurity photoconductivity - was 
light frequency was chosen. suc 
‘from the 0.2-ev level. -Growth 
respectively, switching the li 
obey the exponential law. The 
calculations of S. M. Ryvkin e 
was observed in all n-type spe 
light corresponding to the sel 
Fig. 5 presents typical curves 
character, ‘the great variety-o 
-ties.of quenching:are due to + 
namely,: of. quenching and’ of th 
of the: spectral distribution.c 
the two light intensities: depe 
not characteristic. of the exam 
defects ‘forming asa result of 
‘to an impurity photoconductivi 
tion of. the two independent Ta 


Gard oh 


8/181 61/003/010/032/036 Boe 
-B125 (R102 : 


a in pix: 3, The eelauat ion” oe: unipdiar: a 
also-examined. In these: “experiments, the ~ 
h- that electron transitions ‘occurred only. : 
and decay curves of photoconductivity, anon 
ght on and off, are "asymmetric" and do not. 
experimental results may .be explained by. 
$.al.<« (FUT; TIL; no. 1, 1961). Quenching . 
cimens when irradiating simultaneously by 
f-absorption band and the impurity band. — 
of quenching spectra. The complicated © 


f-relaxation curves; and of ‘spectral pee 
he superposition of two concurring: processes, Be 


e impurity. photoelectric effect. .The shape 
urve,. while depending on the ratio between es 
nds on the experimental conditions and is. 
ined. material. Conclusions: : The. radiation | 
gamma. irradiation of. germanium ‘gives. rise 

ty. reaching as far as 6 microns. The posts. 


diation defect levels agrees. with results” ae 


Roa Raine 


Bale Impurity photoconductivity... . = B25 B102 
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earlier found from ube weacurenent: of the Hall ‘constant and ‘from the: aha 
kinetics of intrinsic: -photoconduction. | Quenching resulting from the com- 
- bined action of light. corresponding to-the self-absorption and . impurity — 
“bands results in the trapping » of minority carriers. There. are- 7 figures, eee 


1 table, and 16 references: 8 Soviet and 8 non-Soviet. ‘The. ‘three most™. 


“recent references to English- language ‘publications read as follows: 


Re Newman, W. W. Tyler, Sol. State Phys. ae PLeSS oy 8, 1959;.. 
Z. Johnson a. H. Levinstein. Phys. Revs, 117, no» 5,:1191, 1960; 
R. Newman, H. H. Woodbury a. W. W. ‘Tyler. Phys. Rev., 102, 613, 1956. 
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. 4s Y3Y0 ‘lis asd): , : 
AUTHORS t | Berkovekly+ Pe a -ayviiny | S. Mey and Strokan, Ne Be 

: “ BLTDBS ay Effect “of ‘gahesion levels ‘on.  ourrent relaxation in 


: : ,dngtramentes with. n-p junctions - ae eae 
PERIODICALS Fizika. tverdogo tele, fe By no. 144 1961» 3535- 91 


TEXT! Using: the results: of "another: fork" (sat, rie 230, 1961) the : coe 

authors study the effect of. a- and fi adhesions on the “relaxation of. fae OE 
ae surrent flowing in 4 junction with a thin: base... This case corresponds SPE ANY 
foo real | conditions, and is treated. by the ‘example of a photo-diode. only. 

ecedn the case - of & -adhesions and + o? 8 is Its the ‘relaxation of the photo- Sue 


ne current, ‘retarded by (1 + WP )s to = 2 70D, where W is us be thin 
_..of the base. ‘and D the. diffusion. coefficients. Q's WP an ‘For any 


oS marked retardation the concentration of adhesion levels M ioe satisfy 
“the conditions uyP ont: ov 1M - +.Po ws AS en) t7 1M. On the basis 


of published data an "estinate for gernaniua @ and silicon: gives. SA 
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- “silicon + n-p ‘counters of. ‘heavy charged particles operating without. 
sources of power supply. 2 Pribs i tekh. eksp. 6° No.2: 362-83 2. 
Mr-Ap "él. Oe eS eo PAG cra 14} Hg)". 


1, Fiziko-tekimichesidy institut AN SSSR. a oS: 
ie (Nuclear. counters) 


oe: 
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One 6000 / 
_ AUTHORS: LR vkin, S. Me, Maslova, L. Vas Matveyev, . 0. bey Strokany We Be 
“Tarkhin, D. Ve 
 @ITLE: Silicon counters in nuclear apectrometry 


PERTODIOAD: “atomnaye. energiya, ve i1, no. By 1961s 247 - 220, 


. PEXT; . Silicon. counters were “developed at the Fiziko- tekhnicheskiy. institut 

“ime A. F. Ioffe AN USSR: (Physicotechnical Institute imeni A. F. Ioffe AS : 
USSR) in 1960. The counters were small (active area: 2°2, 5°5, ‘and 10° 10. 
aa .» Their pulse height was — 1 mv/Mev, and resolution less than “1% for. 
= 5.5 Mev. They were produced by sputtering gold to n-type silicon. ens 


gna diffusing phosphorus into the p- type silicon. The following character- 
istics were investigated: (1) Volt-ampere characteristics. They were the- eae 
gual shape for p-n junctions. Reverse current was 0.5 - 0.05 pa (at. 40 ve 
“. for. the’ small-sized counters, and increased proportionally with area; : 
- breakdown. voltage: was’ between: “50. and 60:-Ve: (2) Capacitance-barrier. voltag 
wv dependence. The capacitance ofthe sensitive layer (the volume- -charge - poe 
= domain). was in accordance with the usual capacitor formula d = € 93/4nc 
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(s - = area, Eo 7 = dielectric constant); since “the thickness a-of ine ne 


sensitive layer is proportional to WV, ; the capacitance decreases. as” 
(vH7, \? -1/2 


Pulse height was determined by Q = en. (N - ‘number: of pairs formed. 49 
ionization); the mean pair ares energy; » Was measured for Pué 8 


-~glpha particles . (Q = 2. moO a12 k): &= 3. 53 £50.15 ev; this value. agrees 
with-that found in Ref. 4 (see tee (4) Pulse height-energy. dependence. 
~ Pulse height das a function of voltage V was measured for the. alpha 
_ energy groups 8.78 and 6.05 Mev. .For the short-range | ‘group, pulse height » 
~ reached. saturation at ~ 15 v, for the long-range group at 35.¥- | O(E,) 


with increasing. voltage. (3) Pulse height-voltage sete 


was found to be a straight line. It is: predicted that at V = 60 v Linearity. 
will also be maintained for alpha particles of up to 10 Mev or for any 
-other particles with ranges of up to 60p. (5) Amp}4 tude resolution. This 


was determined on a 100-channel analyzer using Pu Bei phe emission. eats ho Aaa 
correction ‘for noise background ;. resolution was found: to be ‘27 kev or 0. 5% 
for the small counter, 1% for the medium, and 10% for the large one. The. 
» Spread is: attributed to inhomogeneities of the silicon.: In, the OlYal at 
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“Dubna the 10+ 10-mm2 counter has been used for 0°?) _fission-fracuent Re Ee 
‘recording with high alpha background; G, N. Flerov, Corresponding Member. ie 
of the AS USSR, has submitted a spectrum recorded with this counter to the 
yauthors of: the present article. These junction counters may be used not = 
only for recording of a-particles and fission fragments but also for fast - 
and slow neutrons. The authors thank Gs V. Khozov, Engineer. T. A, 0 0, 
Lebedeva and CG. D. Gusarina, laboratory assistents, and P. I. Gorshkov, 9 = 
_mecnanic, tor assistance. There are 7 figures and 4 non-Soviet reterences. |. 
They read as follows: Ref. 1: J. Blankenship, C, Borkowski. Bull, Amer. 
“Phys. Soc., ser. II, 5, No. 1,° 38 (1960). Ref. 2: _§.° Friedland, L. Mauer 
J. .Wiggins,.Nucleonics, 18, No. 2; 54 (1960). Ref. 3:. 35. Mc.Kenzie, 
J. Waugh. Bull. Amer. Phys, Soc., ser. II, 5, No. 5, 355 (1960). Ref. 4: ee 
_ 4M. Halbert, J. Blankenship. Nucl. Instrum, and Methods, 8, No. 1, 106 (196. 00. 
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Ron crinbera, Ae Aes Novikov, Ss _ Rey and Ryvkiny Sy ai 

< . APITLE: - phe. New. ‘effect of Nogetive Protoconductivity 4 in a Mag 
ee Field. : 


adenil nauk SSSR, 1961, vol: 


means _ ae which 


“PERIODICAL: | Doklagy ak 
Spder:: oe 


TEXT:~ Fig. 1 shows a scheme “of: the: _gxperimental ® 
ir: experiments. By means of. this. device they. 
tor in the case of the © 


the authors car 
were ‘able to ‘tra 
existence Or: non- 


nsmit light pulses to: 
tic field. The- ‘photoconductivity ok 
onded to the "positive" conductivity, that 


esp 
ductivity- The woos 


7 without 4 magnetic. field ‘ort 

vee with magnetic. field corresponding “to the “negative” .con 

effect. produced: ‘py the photo- -emf. of. the doers pe inhibited. ‘The. 
4 that in “the ‘motion of. 


“explanation of this effect proce 
‘trajectory 4 is. ‘ourved, 


‘he carriers in a magn 
whereby the resistance. is. 
; necreon per thy aligns. the 
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“he New Effect of Negative Photoconductivity. yoo oshmnes/on 
in a: Magnetic Field» . Seon wee B09 /BO36. 7 


- growth of the pentetaace in a ainenetic field. “Thus, by. some Cgectenas of 

_ the Hall’ field, the resistance of: the semiconductor is increased. By. 
irradiation with light from the absorption band, electron-hole ‘pairs are 
produced, and the increase of the electron. concentration ‘leads tora del: oe 
crease of the Hall field. A formula is. -devived for calculating the nega- 
‘tive change in the. photoconductivity » in. n-type germaniun,® and: further 00)" 
two inequalities are given, by means of which it is possible to determine 


“.when no negative photoeffect may be observed in: ne type: or p- ~type. material. LB 


There are 3 PL eures: 


ASSOCIATION: Piziko- =tekhnicheskiy? institut Akademii’ nauk SSSR i (insti feed” 
ed Hes _of Physics and: Technology of ‘the Academy . Of: Sciences weet) 


PRESENTED: | “Tease 1, 1960, by A. P. Ioffe, Academician 
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AUTHORS: -Berkovskiy, F. M., and Ryvkin, S. M. 


eon 
B138 ar 


PITLE: ae Sensitivity of germanium and gilicon photorLenents in the 
re range of impurity excitation 


_ PERIODICAL: Fizika tverdogo tela, V>- 4, no. 2; 1962, 366-375 


TEXT: The authors study the possibility of: the occurrence ‘of a pnoto- -enf 
“in the. p-n junction. in the long-wave range behind the intrinsic errs 
absorption band. The theoretical results ‘were checked by an- experimental ae 
investigation of gold-doped Ce-and Si elements. It is shown. that es 
photo-emf may arise with impurity excitation in conditions where minority a, 
‘carriers: are generated in sufficient quantity. Fig. 1 shows the — ee 
transitions possible when the semiconductor co ntains only one ‘kind of UX: 
impurity and ig irradiated with photons Ww whose energy is Less. than: the 
forbidden-band width. It is demonstrated theoretically that. with ‘impurity. 
excitation in general, minority as well as majority carriers are produced”. oA 
‘3f the quantum energy is greater than the half-width of the forbidden band: 
‘If it is less, however, only majority carriers are prodiceds. Photo- ent . 


-emf reaches 150 mv... For an incident energy of 3°10 
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Sensitivity of germanium and silicon... B102/B138 


Wag observed on Ge p-n junetions obtained by diffusion: of antimony int? a 


eee 


- p»etype Ge with a gold concentration of 10 » From. the x= dependence of. 
- photoconductivity and photocurrent it can bec seen that both cover. the ee 
‘region of. impurity excitation, — Photoconductivity extends farther than ~ oy : 


photo-emf into the long-wave range. -Photoconductivity . and ‘photo-emf at: 
ai>2 p are due to the deep acceptor. levels:of gold: 0.2 ev from the. 


‘sonduction band and 0.15 ev from the valence band. The voltages steamed fs 


experimentally are less than the calculated vee but mey reach 


considerable vaiues. For.a load resistance of 108 ohms at 4 = 233. BR thes 


ae this ‘corresponds 
to-a sensitivity of 5000 v/w.. The p-n junction in potas doped n-type 
‘silicon was obtained by electrodeposition of nickel. | Photocurrent ‘and 


 photoconductivity have very similar spectral distribution and occur. | 


between +.5 and 2.5 p, They are ascribed to the level, 0.54 ev off the 


“c=band which is near to the middle of the forbidden. band. As compared with oe 
_ photoresistors, photoelectric: signal transformers on the basis of - fs 


p-n junctions have several advantages: low dark current, insensitivity to 


eaake sion levels, independence of external voltage sources. : The design of 


28 Lt saree Fn nnn rere Reem nie nar memantine Te EN ERY 
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Sensitivity of germanium and silicon..> B102/B138 : 


a. photoresistor (Fig. Ta) and of a photocell with p-n junction are compared 9, 
‘in an appendix to the paper. N. B. Strokan and L. G. Paritskiy are thanked 
for discussion and D..V. Tarkhin and Yu. V. Shmartsev for the specimens. - re 
V, Ye. Lashkarev, K. M. Kosonogova (Izv. AN SSSR, ser. fiz. No- 5-6, 

4941), G5 M, Avakyants:and Yu. L. Ivanov are mentioned. There are ae 
7 figures and 7 references: 5. Soviet. and 2 non-Soviet. ‘The reference to: 
the English-language publication-reads as follows: J; M, Waddel et al, nore 
Proc, IRE, 102, part B, 757; 1955. ; 
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; ; Leningrad (Physicotechnical Institute imeni Ae F. loffe ..- 
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SUBMITTED: July 29, 1961 
Fig. 1. Band scheme with possible transitions: 


Fig, Pe Photoresistance and photo Celle: 
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Possibilities for using silicon counters in mucisar reseerch- oe 
Izv. AN SSSR. Ser, fia, 26 ney 75 setea 11). 


(Nuclear counters--Design and construction) 
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AUTHORS : ayia, 5 Mas epapians Ne Be Hakovskiy, L, Le 


TITLE: coe The xinetics of photoelectric cells “with n-p » Junctions eo 


PERIODICAL: “Ref serativayy enol: ‘Pizika, “no. 6, 1962, 31, abstract. 5 -3-62y. 
(V. sb. "Fotoelektr. i: optich. yale Vv poluprovoaniiakc, ; “Kiyev, 


me USSR, 1959, 360 - 350) 


: TEXT: Tne ‘inetics of JIGTH ar “gnotodiodes. was “soistaere’ with 
3 dighies n- ee and tak: ‘the hole: current -into account. The relaxation” 
of emf of diode circuit is shown _ to be deter 
lifetine, T, of * nonequilibrium noles if the snequality fT. YR c.is 

watisfied: c is the total capacity of . the junction and assembly; and Ro ‘is the 
resistance of the n-p. “junction: at. zero voltage. . The similarity between the curves - 
of rise and drop of the photo- -emf depends: on ‘the intensity of 1 Light considerably 
= an increase. °o this similarity. is disturbed. “The inequality © 

Tp RC can be: ai ecrease of temperature, in the. case of a high 
capacity c, and in dependence of the type of photodiode - ‘The general case of. 
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“The kinetics of photoelectric. cells with n-p junctions  A061/A101 


- $/058/62/000/005/118/119 


pnotediode: connection at a load Ry is examined quantitatively. The curves de- 
scribing the approximate solution of the system of equations of the relaxation. 
process in limit cases of emf drop are analyzed. The results obtained with both. 
“accurate and approximate formulas for. the emf agree: well with ‘experimental data: 
-Provisional information is presented for the ‘kinetics of LETI germanium photo-: ony 
diodes of a sensitivity from 1 to 4-a/lumen, a dark current of 700 to 500 wa, an - 

admissible voltage limit of ~5 v, and a lag of 10°? sec. There ‘isl reference...” 


V. Shch, 


[Abstracter's note: Complete translation] ~ 
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ae eee 
: ‘AUTHORS: oe Berkovakty, F. Ms pre eee, 


P junotion, due - matory 


Wonsteady photo- -enf at an n- 


TITLE: 
: carriers 


4, no. 2; Beek 516- a8 


PERIODICAL: Fizika tyerdog tela, ve 


g is only observed. 4f- a * altcutder 
ated. However, since ahe 
eous semi- 9 


 pExT: “Steady photo- “ent 
“parrier exists and if minority. carriers are gener 
periods required d to establish t 
' gonductor may: be different, - a nonsteady photo-enf may also be observed when. 
uired for. establishment.” 


-conly. majority, carriers are ‘generated. The time req 
an this kind of ‘semiconductor will depend on the Lifetime t. andthe time. 


for ‘establishment of: diffusion-migration equilibrium t/4no, which. are . 
different. A. nonsteady, photo- ~emf. due to: majority-carrier. generation. wa oe 
observed at n-p Junctions produced by ‘a@iffusion se antimony into goid-doped x 


p-type Ge, with an Au concentration of 101? om 23. The 8 eotral photo- -emf. 
sister 4s shown in: Mies: 2: for steady siluginetion. a¢ Ne and ae : 
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_ Nonsteady photo- emf at anes oi vig oe B102/B138 


~ i1lumination of 40° eps i) 4 “Steady ohee: cent chose. at “2. 8 ear are 
Ny 2.8 p, only majority: carriers are generated. — ‘There | are 2: figures: ‘and 


6. Soviet. references,” 


Leningrad. (Ehyetcotselnteal 7) Institute. iment” ASP. Ioffe 
AS USSR,» Leningrad) OE gs : 


SUBMITTED: July 29, 1961° 
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AUTHORS: F “Konovalenko, | B.. ae _nyviin, S. Me» | and Yaroshetskiy, co D. 
ee ; 
“arnt: Radiation defects caused by fast electrons in n- ype 
germantun ae 


PERIODICAL: Figika: tverdoge tela, v- 4, Mo. 2, 1962, 379- 382 


“TEXT: “The concentration: M of. radiation defects). the number 1 of the - 
defect levels and their energies. were determined for n-type Ge. .- 


156 


(v4 ohm: cm, n™2> 10. m=) which was irradiated by 2- 5-Mev electrons. 


othe. electron current aensity was. 5 palem™, pulse duration was. ~2 psec. 


“> and ‘repetition frequency was 50 ‘gee. The samples (8:174 mm?) were cana 
water-cooled. - ‘The electron energy behind the specimens was ~1.5 Mev; so) 
‘that for calculations the electron energy in the specimen: was taken to be. 
~2 Mev. . Carrier concentration was determined by measuring the Hall 

“. gonstant between 77°K and room temperature. Mand 1 were determined using 

- the relations: = N, ~ Ml, and n, = Ban wi (1- 1); n,°4s the electron 


as go Nay 
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Radiation defects “caused by fasts.» Bi02 B138 ae : 


soncentra tion.in the conduction band at low temperatures, when aii defect - 
jevels are filled up and all donor levels are completely. ionized - (section I. 
in. Figs qa). Ab high temperatures) when the upper defect levels are. 
completely ionized, My is the electron concentration (section tL in? 


Wig: Lee M was also determined from the activation energy of the upper 
jevels and the carrier concentration of the linear part of Il, using the - 
relasion n-n, = MN, exp(- hp,,/2kT)» No was calculated for the effective a 
mass my = ae For several | eater oe: specimens, the foll owing meena S 

‘so were obtained: N, was (2: 08 -2+26)°10'7 om “3, wl wes (1.65 - 2 03)*10"7om™ > 

ae M: was (4. 25°- ='5u2)> -40'4 sare 1 was 3s 9 - 4.2; AES 0.20 - 0023 e¥; and , 


the radiation. defect formation. cross section was.1; 45-1255 barn; it Was ; 

_-galoulated from o. = M/9Nq oe d- electron ‘flux density:. Nos 7 number of Ge. 
atoms per peas Electrons . with 25 Mev were. found to care defests witr 
the following levels: E -0,24 evs E,706 56° 2Vs E, +0,25° eV and E. 40.17: e%>" 


o.. There are 3 figures. 2 ‘tables: and 7 references: “3! ‘Soviet. and i non- 
- Soviet. The three references” ‘to English-language plese read as 


> gard 2/3 
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AUTHORS: . Dobregos V. Be; and Ryvkin, So) 


TITLE: ae Negative “photoconductivity in gernanion at. Agusta 
; : grenPrre iy a “ 


PERIODICAL: Fizika tverdogo tela, V- re no. 2, 19625 53 - 555 


TEXT: iegative ghotoconductivity was. , discovered. in. poijee Ge with 


specific resistivity of 0.2 - 0.4 ohm* ‘cman 2 Ge of 0. a ohm: cm ates: 


“helium temperature. In n-type Ge ‘above..1.0 “no” observed. 
At low 4Llumination gntensities. conductivity decreases na very. short... 
range (a in Fig. 1)+ Oscillograms were taken of the current. rise. and 

. drop ina cell. with: the’ specimen exposed to ‘gquare « ‘light pulses. ‘From 
the: oscillograms it: can be, seen. that positive and - negative ‘photo- pe: 
-gonductivity have different. “{ncrease - ‘and decrease: constants, the- latter 


-.. being: ‘particularly marked. Both curves. are non-exponential.- The red s 
edge of negative: photoconductivity ‘of n-type Ge is at about 0.74° eve. Ay 


a the short-wave side. photoconductivity decreases slowly and’ vanishes - at) 
4.1 - 1.3 b- It is assumed that the negative: photoconductiv ity may. be. 
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Negative photoconductivity... int) B102/B138 eects 


due to increased Gooulatten of the donor levels, caused by iVinination: 
There.are 2 figures, 1 table, and 4. non-Soviet references. . The three. 


- -ypeferences to English-language. publications read as follows::C. S. Hung. 
J. R. Gliessmann. Phys. Rev. 79, 726,.1950; H. Fritzsche. J.. Phys. Chen. 


Solids; 6, 69, 1958; P. Csavinszky. Phys. Rev. 11 135 1605, 1960. 
“ASSOCIATION: Piziko-tekhnicheskiy. institut im. A. ee Ioffe’, AN SSSR : 
'...° “Leningrad (Physicotechnical . pang h imeni ‘A/F. loffe. 
AS USSR, ‘Leningrad ) — : ey ae 
SUBMITTED: November 3, 1961. 


Pigs. 1.. Lux-ampere characteristics. 


Fig. 1 
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TITLE: : Eiargy. aati of some p AMBOED SY. atoms in germanium and 
2 ee gee pti icon » eas 


PERIODICAL: | Fisike: tverdogo tela, v. 4; no. 3 1962, 816 - (818 - 


TEXT: Inia privious paper (FIT, 1, 1381, 1959) the authors sdteeutes a 
method of determining the total number of acceptor (or. donor). levels. - 
-.- pertaining to.one structural defect and lying in the forbidden band .of a 

" gemiconductor. The. method consists. in measuring the temperature. dependenc 
‘of the Hall constant in. specimens with known ratio of the concentration 

of the "ordirary" carriers (of the elements of .the groups III and V)i: to 

the defect. concentration. Such measurements. were. made in gold-doped » 

eos ns -type Ge, copper-doped n-type Ge,and: gold-doped p--and n-type 5i. ee 
. Specimens - ‘y.th known impurity concentrations are obtained: by diffusion. 
In the meazarement, the concentration M. of the atoms added must be. such” 
“that ML<N,, or Mk< Na, where ‘lis ‘the number” of ‘the. acceptor levels, 2 ate te 


- Card , 
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thes number of the donor leveis, Na, Ne are the concentrations of the 


The results (Fig.4 


fordinary" donors” or acceptors, eee are 


Ener sy spectrum of some... ~B101/B102 


1) rhe 


show a concentration no of the ordinary donors prior to doping which. 


“corresponds to complete ionization, and ny after doping. indicate that at. : 


liquid-nitrogen temperature filling of the ordinary donors: (V-group - 
elements) sets in. The concentration which increases with: temperature . 

_ (To and 136)’ corresponds to the ionization of the uppermost level of the 
impurity atom and the ‘concentration ny (Pig. 1) to the complete emptying | - 


a n-type and p- type: 


“of this level. The relation ls (n,, = ny)/(n, =n a for Cu in Ge is 3.1 


for Au in Ge. (2 specimens) 1 = 2.8 and Le 3.1. 
. Si the curves I and II coincide. at high ‘temperatures (approximately Zee 


°K 


from which it follows that in silicon gold forms one acceptor level” 
pg 1) and one donor level (k= 1). The calculated: activation energies — 
-for the upper acceptor levels of Cu and Au in Ge, and the acceptor and 


“donor levels of Au in Si agree‘ with published data. 


-and.5 references: 2 Soviet and 3 non-Soviet. 


The three references to... 


i 
"here are 2 figures | 
lp 


ee - English- ~language ° ee eee read as. follows: H. He moaabory ae We lp 
poe Card » 2/bs tie 
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Byler, Phyas Rev., 1 05, 84, 1957; R. Newman, Phys. jeu oh, 278, 19543. 
OG. B. Collins, R. 0. Garlson, a. Gallegher, Phys. Reve, 10 O55 A168; 195 
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of the AS USSR,” hens nerad ) he oe 


SUBMITTED; “ Decenber 30, 1961 


Figs 1. Tenperature ‘dependence. of the: carrier. concentration in 


germanium. _ (a) doped with Cu; (6) Aoped with Au. . 
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AUTHORS: | ae. De. Ney igraachey, A. Aes Ryvkin, S- M.j and 
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TIPLE: : ; Recombination rediation of gallium arsenide a 


psaTODICAL: Pini tverdogo tela, v- dy NO. 44 19621 1062- 1065 


; PRX: uonocry stall ine n- - type InAs plates with an “electron ‘eoncentrati 
of $10 11, a were used to study the “intrinsic recombination radiation. 


“A. pen junction of x0. 1 om was produced by diffusion of Zn. or Cd into. the 
Inds plate... The nonequilibrium carriers were excited by pulsed 
: injection. through. the junction. The radiation was observed in papaltal’ 


40 the p-n junction plane. At-77 °% the emission spectrum has;:a-narrow ° 
peak at 1.47 ev (optical gelf-absorption-edge) and . two maxima: at. lower 
energies which are in connection with-recombination via impurity levels. 
-Qne of these levels is 0. 2 ev distant from the middle’.of the. forbidden | 
band, the other 0.25 ev froma band edge. The relative height ‘of all 
maxima depends. on the current. density Shrongh the. pn anes oy At less 
‘Gara 1f2> 
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Recombination radiation of gallium eens be B102/B104 


“tha ta/on™ only iapurity. radiation is observed, then intrinsic padiation 


arises and increases: rapidly, and between 10 and 100 a/om@ the relative 
height of the maxima. remains. constant. The results can be explained by. 
assuming volune- charge recombination at weak currents and injection at 


hign currents. At above 10 a/em the emission intensity increases | 
linearly with oe density through the p-n junction and decreases 


only above wA10° a/en . The coline ‘band width is temperature- ~dependent. 


according to the law (1. 51= -5 66° 10” 4p) ev. The intrinsic. emission ‘Line 

‘ narrowing observed at: high current densities can be. explained by. invers 
band. filling (production of states with "negative temperature") or by 
assuming that the’ injected carriers cause degenerate filling of one band 
only. The ‘latter possibility” is more probable. There are 2 figures. 
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auction in direct and reverse charge 
been investigated experimentally, and’. : 
i The examined five groups 
of n-type germeniun specinens d by diffusion — Pas 
“gomprised almost all possible stages of compensation. . the illumination of 
group I specimens (all Cuscenters having a triple negative charge) and 
>, ef. group V gives rise-to electron exchange . 
(level TII for group T; and level II for group Vv) and ¢ 
“Zone. Tne relaxation curves then contain only 
“specimens of groups II. and III (containing trip 
“-genters) are irradiated with 0.45 ev >hy 70.26 evs both slow and fast 
relaxation appears. ee ee genad dation et th: 0¢49 ev 21¥7. 074. OU 088) 2 
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terpreted qualitatively. 
with copper introduce 
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“optical charge exchange of. “impurity - 
es down “gently: owing to: charge: ‘exchange of the Cu 


tion of: Tit (all- centers having: double - negative 


relaxation curve slop 
harge. exchange which may © 


es centers. Th: trradia’ 
charge) witn 0. ‘A9.- ev> ny 30. 43 ev causes reverse ¢ 
change. the rate-of generation. and, to a-lesser degree, also the lifetime. — 

In the irradiation: ‘of: group . “IV: specimens . (containing singly and doubly . 

- charged” centers) with 0.43. ‘ev >hy >0- 32. ev.as well as in the: short-wave .. 
there apoears 4 "fast" component. Theoretically. possible slow We 
g are not. observed. After. illumination of a group” IIT. specinen SP 

~0.45 ev, electrons from levels Il. _and III are. ‘transferred 
The intensity, of this reverse process. ("flashing" Bedi is Wade 


. jnereases with progressing filling of ‘level IIT with electrons.. A's 
-ugstate. ‘sets in after 2° certain time. ‘Hence, the amplitude. of thier verse. 
: > flashing" (characterizing tne ‘concentration . of triply, buhay Uk 
pete * @quilibriun centers) tends toward a Limiting ‘yalue i 
: illumination has: been protracted. for. a sufficiently: long rime cea 

intense the 4liumination, the- more quickly. ‘this : limiting. value. ‘ig eee 
aie attained. There are 6. figures... ‘The most important English- ~language 
OT gs ‘reference Sig: Phys Rev, 98, 9095. 19595 5 
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> processe 
os with 0.49 ev? he 
¢9 ‘the C-zone- 
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TITLE: Pa A jathed of long-wave photoelectric eons of local lev 1s: 
: ‘ in- semiconductors i 


| panToprcAe pinike tverdogo tela, vi 4, n0- 6, 1962, 1978 = 1588 


ribed here for the investigation. 5 
the sample is. irradiated with 
_- a probing pu . 16) along with a” “sufficiently” 

“long square excites: the ‘relaxation: ‘process » 
“under investigation. f.. the. probing: ‘pulse ‘isso. chosen 
that the. levels under “eonsid In ete ee -the .:- 
~ gignal on the. oscilloscope" Th 
- concentrations ‘of free and pound ‘carriers ‘can: 
- slope of. the curve on -thesscreen and from its! ‘peak~f 
. v0 . ing pulse. The sample can be. irradiated with a ser 
‘during the interval of a single. square pulse (Fig. ae 
"the relaxation of the concentrations | to be. determined. 


“APPROVED FOR RELEASE: Thursday, September 26,2002  CIA-RDP86-00513R001446520002-7 
+ ,. ‘APPROVED FOR RELEASE: Thursday, September 26, 2002 CIA-RDP86-00513R001446520002-7" 


eae veges $/181 c/t04/006/30/051 
A method of. Loner wave. photoelectri Gres : B104; B112~ : 


-. source S S (Pig. 3) and the’ probing intvaned ‘light of the. monochromator M 
2 ere. ‘regularly interrupted by the disks. A, (square pulse) and . Dee ~The. 


signals of photoconductivity are recorded oy a double-bean. sdeditensone 
>and photographed. The probing pulse is. automatically shifted along. ‘the 
_ oo) square one.. Examples of a qualitative. analysis of. the behavior of. : 
-:. ..5) non-equilibrium carriers in CdS, CdTe, Ge, and Si during photoconduction 
"lat 100°K are given,.and a Seni ne: method for: several types of local: 
_ levels in: semiconductors -is described... There are 15: figures. 
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oe TITLE: -. Pemperature. a’aciaeuce of the radiative recombination eross. 


section in germanium 


: PERIOUICAL: Fizika tverdogo ‘tela, v. hy no. 6,- “1962, 1676 - 1678 


PENT: The authors! bcetinineey experiments have shown that at: 11 rd and 


with a hi an injection. level (Ap 210) cn ae). the time constants of photo 

: Sevduction in. germanium are greater thea was concluded by van Roosbrock 
and W. Shockley (Phys. Rev., 94, 1558, 1954). They also meas red the ~~ 

temperature dependence of tne radiative recombination cross. section in. 


. n-type Ge ciodes. Only a slight increase in intensity of the. recombination.” 


- radiation. was observed as.the n-p junction was cooled from room temperature 
to liquid nitrogen temperature: . S,-~1/2. It is: stated that the rapid de- 


/ grease: in = with rising temperature,» as established by van. Roosbrock ant 


~. Shockley, is propaply: due to an.error in: calculation. It is: demonstrated, 
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that: even under ideal conditions a cannot decrease more ‘rapidly than in 

". progortion to T ~5/2 There is 1 figure, ate 
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: Tnduiesd f Genint ey breakdown in compensated germanium and «_ 

-eurrent oscillations related to ite Fiz. tver.tela &ono.7% 
1911-1914 JL 162,000 . (MIRA see) 
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The: energy spectrum. of the gamma radiation defects in oe 


“ORT PLE: 
beeen ed es ¢ silicon 


10, 1962, 2845- 2848. 


“PERIODICAL: Fizika tverdogo tela, Vv. 4y no. 


oa TEXT: . The temperature dependence of the Hall cen atant. was etvat d:on. n- 
“and p-type silicon samples before and: after their exposure to C09. gamma © 
~padiation.. Irradiation (124° 4017 quanta/cm 3 16158 ©1018 quanta/cm* ): Aine 
deduced: the conductivity of silicon. «The measurements carried out: in the =. 
- pange 55- -450°K showed, that irradiation gives rise to two. levels in the. MBER: 
“half of the forbidden band that are capable, of ‘accepting electrons: 
E, - 0.168 ev and E, - 0.5 ete The production ances escent of. these levels 
are approximately 7. 4°10 726 cm? ‘and: 1.810 =27. em? ’ respectively. In ‘the 

here was one level vac 0.23: ev) with 


~ lower half of. the forbidden band + 
a production cross-section of about 1s 210° tome. hor are. 2 ees 


“and 2 tables. 
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AUTHORS: ‘Vitovekiy, N: ore Mashovets, T. Vey and Ryvkin, S. a tke 
fee s : area arn meer ance! 


z “TITLE: Determination. of the: activation energy of impurity center 
pea levels and of: structural defects in semiconductors | 


"PERIODICAL Pizika tverdogo tela, v. 4, nos 10, 1962, 2049 = 2053 


oe END A: avady. was ade of the temperature dependence of ‘the’ earrier. con-: 
centration in semiconductors with impurities and defects, the. ‘spectra: of: 
> which are complicated: by their being several. types ‘of levels.” “hocordiing “to 
. measurements log ons £(1/T) is, in this case,. a complicated curve ‘com=. ye 
prising. plateaus of different lengths and ‘sections with different. inclina-) 
“. tions. :The activation energy of all ‘possible- jevels is calculated to obtai 
CERT | quantitative theoretical description. For ‘simplicity a semiconductor. igi 
': ‘considered having. two levels in the forbidden band. At absolute zero one * 
\ of them should be partially filled with electrons, and the: other should be_ 
' filled completely (Fig..2). The results can then. be generalized for an 
ae arbitrary. number of levels. If, in the entire. teaperature range the rela- 
~ tion BE, = BED ee is valid mhere ‘OE, are the level: activation sneretesy 
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- The curve log ns pate ‘. ‘divided into: 6: sectians- (2. platens 


-), and. 2- transition sections), nis: Calculated f 2 slopit 
eas ore 
tenet ty is. ete with ‘the aid of eee ee ech. Section and. the state. 
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| ‘Determine tion of the... me ae aoe - ym ioer® Bi12— 
5 AE, can be datepasned experinentally from the high-teaperature inclined : 
- section, if m, and (ly +m 1) in the point rou oe a) ie determined from 
Ce ae 
ae + Mt, Ns Vn, Tym. : : “ay 


and a(log ‘n)/a(4/t) is determined from the curve. The statistical Sey 
¥,/¥0 of the: levels need not. be known but 2 can be calculated fron ® Me 


: These relations ‘are valid if My Sm, 


- @an be calculated directly from the inclination of the curve with the aia 
of. ie é i : 


, AE: eh eee oe 
Te: (n). 


This: is calculated for a gniseical: case. Pinalif ss further. posaibility is’: 
pointed out: of calculating 4x, from. the Genceratuel: ‘dependence. of. the 


at ‘carrier. density: the. curve oatn-a, )ee(1/2), can, be constructed and the. a & 
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‘Aanaent whosa- inclination gives the. motivation energy directly. can be. draw 
- at the point corresponding | to Ea. (7). N, denotes the effective state : 
density in the ‘conduction band, M, ‘are fie level - ponctat rst tons and my is 
the’ electron concentration on the 4K, level. There - are 3 figures. 
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TITLE: '. . Investigation of. Scupesuduetor spectrometer counters for. 


; measuring fragment energie wo a 
“PERIODICAL: Atomnaya energiya, ve 12, no. 23 i962: 153 -- 154 


MEX? : yoo? fission.fragment energy was jidneused by semiconductor ¢oun= > 
ters developed at the fiziko-tekhnicheskiy institut ‘im. A. F, loffe 
(Physicotechnical Institute imeni A. Fe Ioffe). The surface-barrier | 

“ junction of. these. counters was produced by spraying gold. onto an. n-type. 
silicon plate. . These counters, which ‘were studied earlier by the authors, 
(Atomnaya energiya,.it, noo 3; 217; 1961), were found to: be well suited” 

'.for alpha spectrometry (resolution 0.5% for Ey= 5-5 Mev).. The volume ves 

.. -gharge region. was about 60-4 for maximum voltage, much greater than the 
fragment range in silicon,:: Fragment energy was ‘measured with a 0< 5 nm AL 


target, placed in a thin-walled: aluminum ok chamber. . The “target. hada 
- vacuum-sprayed Lee of UF yy © énriched -in.U 
tard eee 


to 92. Bf. Diameter of: the 


FT aT 3 . 
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-93238- re , 
‘s/o89/62/012/002/010/013 
“Investigation of semiconductor ees epee 
aes nnd: the. total weight was 120 48> “The silicon counter 

Was ‘placed : ce 5 om pelow : ‘the target to avoid being: hit by: the ‘neutron | bean 

“gollimated | into the chamber. . The counter. pulses: were fed. ‘to. a preampli- 
ve fier. and: thence to 2. 400-channel analyzero The fragment; energy . spectra. gree 

“thus | measured differed considerably from those obtained from. time- Rohe 
_ flight measurements. - This was” found to be due. to energy. “losses in the 
“gounter surface, which. were strongly. dependent on the angle of “incidence : 
of the fragments. As- ‘the : fragments ‘lose most of. their energy. in the first 
part of. their. path - this. effect was much higher ‘for them. than. for alphas; 


Special counters. of , 16 mo area ‘were “produced with a thinner layer ‘of © 
gold and the energy : spectrum was: measured again and compared 4s. pefore. 
with a difference of about 1 Mev .in- ape 


This time the shape was the same, 
sclute values. This is. attributed partly. to energy ‘losses in the fissile. 


layers ‘and partly to the. energy being carried away ‘by fission “neutrons. - 
‘In the Au layer ‘losses do not exceed 1 Mevo ‘Apart. from: ‘other advantages 

the silicon counters yield ‘petter results than e€s° & jonization chambers. 
There are 2 figures and 5: references? “4: Soviet: ‘and 4 non-Soviet:: - -The ne 
four references. to English-language publ igations: read as follove: W. Stein. 
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Series Note: Fizika ‘poluprovodnikov i _poluprovoanikovy "Kh nase 


| mopre (TAGS: | phot oconauct ivity, ‘photoelectric phenomena, ‘gsemicon=-. 
; auctor, carrier generation, carrier motion, carrier ‘recombination, 
‘adhesion, diffusion,” drift, Photoents,. intrinsic photoconductivitys 
extrinsic Bhotoconductivaty : ; sie 


- PURPOSE AND (COVERAGE: ‘The fienodeaon “Gonsiders processes. “of genera> 
. tion, motion,: and recombination of non-equilibrium carriers in semi 
' conductors. Principal » attention is paid to an analysis of recom-. 

< bination via local centers, adhesion, diffusion and drift of non= 
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PEXT : The’ ‘development. of. ‘the: roductien “of oryetal. ‘gountere “ghioh 

- began’ 17. years ago: is- priefly. ‘outlined,.and : the: ‘gdvantages: ‘and shortooaines” 

of ‘germanium or silicon: junétion | “counters and: of ;homogeneous semiconductor oe 
counters are discussed. . “Methods of ‘producing tric: n-p becaiatl ae 
 parrier-countera’ and neisp.. counters: have ‘been weloped: atthe : 


| Pigiko-tekhnicheskiy. - “Shetitut:im.-A.P. Joffe “akademti- nauk | SSSR 
(Physicotechnical Institute imeni-A.PFs: Ioffe. of:the: ‘aAcadeay of Soience wee 
USSR). The n-p ‘junction: ‘eounters. ‘oonaiat. ‘oft i plate. on the surface © 3 
‘of which an n-p surface. barrier. junction. ia. produced. - The janct ion. charge Malis 
‘is the effective. region. ‘of: this: “gounter. =: If: ‘one 'partiole. produces. an: ce 
- electron-hole pair. in.t this ‘region, . “then: this: “pair. is separated by the - 
atrong field and’. virtually. no: recombination ; losses: arise. If the. aeeicle’ . 
remains ingide the. volume: sharge regions " ; 
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- energy. . Two types: have -been developed’ ‘at the Inatitute. The sensitive ~ 
- gurface . of ‘the first’. type waa 50 mn* in’ area, or less,” and 100y thick. | 
> Phese counters .are provided. for the spectroscopy of. alphas, fission = 
fragmenta, ions ete. ‘The resolution ‘for 5-Mev.: w-particles. wge Oe 
The second type had’a. _sensitive- surface. of. approximately. 5 cn*... ‘2-Mev 
a -particles ‘could be ‘detected. Using. a pid: converter, . thermal neutrons : 
oo could -be detected with a counting efficiency. 20 1%. ° Fhe: author developed - 
Do an’ nei Pp: counter: with a ‘sensitive. surface 4. ‘4n‘ area’and ‘approximately — 
~ 2 mm thick for detecting™ 5-Mev separslel ens Tee. atenal-to-notse. ratio 
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i OTYTLE: Impurity photoelectromotive force induced bby ‘a current 
| sources Fizika tverdogo. tela, WSs no, a 1963, 2023- 2025, 


TOPIC. TAGS: Bhite leceremst lve: force. mune. induction: absorption b band, 
| radiation defect, recharge, electron, "hole, \ injection ee a 


ABSTRACT: _A new effect haa eee diseovered at Ti tuminated: ilicon photodiode 


after passage of a. current pulse through the n-p junction in the permissive direce 


‘tion, the photodiodes’ prove to be sensitive in a new spectral region for the eS 
fundamental absorption band, This relationship is shown in Fig. 1 ‘(see enclosure), 
. The photoelectromotive force has the character of a flash, the amplitude and. .° : 
‘duration of which are determined. by the. intensity of “current or light, Electri-. 
eal recharging (of. electron-hole pairs) is better than optical because the :-in-~ 
i fection takes place ata distance from the n-p junction representing the layer” 
aa? which the p Pisitoalactromocive force. is generated and, because nonequliibrtis: re 
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concentrations can be injected at higher values, the time for ch rging a sample - 
thus being very small, In their work the authors used giliconp otodiodes with; 
radiation defects formed by gamma radiation from C080 | accharge of the levels | 
‘| of radiation defects consequently took place. . It is clear that a similar effect 
must be observed in other materials with impurities corresponding to: deep levels 
(preliminary experiments have shown that the effect is observed also in Ge phot 
‘diodes. that have been exposed to fast electrons... It is felt that the present’ 
‘need is for more detailed investigation on various materials. "The authors than iz 
Ye, Vv. Ostroumova and R. §.- Kasy*mova for their help in carrying out the experi a. 
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: TEXT: fin the * peauent "Letter to the Editor", a Gabalt ‘apparatus foe 
othe: ‘dy of: the. electrical Proper. 
ties of “gemiconduc 3 ibed. r 
4958 ‘by, “the /-Piziko- vtekhnicheskiy institut 
and mechnolon of the AS USSR). The. principal use of.. 
~ in the production. of defects - eles are constant in time; “To obtain” 
enough defects, fluxes. of 1011 em7*sec™| are required. Fig.1 gives .a a ee 
“ schematic ‘representation . of: the Seyret Fig.2 shows ‘the. ‘experimental - 
chamber. Both are described in detail. ‘The dose rate was measured at ee Se 
different points of the. chamber, and. some of the results are given imi See, 
a Table. ‘The highest dose rate of 128 ee was found at the center aa 


Gard, Te 


ursday, S 
y, September 26, 2002 . CIA-RDP86-00513R001446520002-7,——S™SW 


APPROVED FOR RELE, 
ASE: Thursday, September 26, 2002'  CIA-RDP86-00513R00: 
3 1446520002- 7" 


85566 


An: ‘ppdratus for’ unig tun tie Effect oof, Pare Jsa/oo/o05/or0/o% 
Gamma. Hadiation on semiconductor - ee -B006/8 BO70" : 


“Meteriqls oe 


“the: chamber. floor} 40 mm pee floor it was only 72 yx ficer 20 mn: 


above, 143 r/see ‘and 40 mm. above, 22 r/sec (ell values ‘refer to the: 


center jof. the chamber). There. were no disturbances during the experi- 
_- ment, the “york was satisfactory in all respects. L- VY. Maslova is: 

| thanked’ for help in. ‘measuring the field of gamma - ‘radiation. There. are” 
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TITLE: Silicon’ N-P ‘Counters: of Heavy Charged: Particles. 
Operating. Without an. Ext erral Power. Supply. eos 


PERIODICAL! Pribory a tekhnika eksperimenta, 1961, No. 2, Pp. 82- 85 


) TEXT: Fused ‘silicon ‘diodes. ‘having an n-p junction. area of: 
about 1 mm“ have been: studied in order to determine their counting” 
properties when operated as short-circuited rectifiers. The. oe 
‘saturation .current.-in the- counters studied was not over 0.1 pA; 
the leakage resistance was several megohms. Under ‘such | conditions, 
short-circuit current rectification can be realized by using a’ 
250 kilokm load. . In: counters irradiated ‘with a&-particles -under 
s the above conditions and tested at. room temperature, pulse amplitudes 
- reached ° 2-3 mV. with practically no noise. This performance equals — 
that of ‘counters operating as photodiodes, but .the noise in the » 
latter case ‘increases rapidly. with: increasing: cut-off voltage. ‘In 
both cases (operating as rectifiers or photodiodes) pulse rise time 
“varies from 1 ‘to 5 ‘psec, > The decay time is’ determined by the R-C 
of. the circuit. This:is shown. in the. oscillograms, io ‘In 
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Fig. la the. davation of the Garkers. is 1 psec. UPig. Ao. = Senate: : 
edge. of: the “pulse; marker. duration 0,2 usec. Trigger delay. 0.5 secs. 
With decréasing temperature the. pulse amplitude and | duration remain 
‘unchanged. Silicon n-p. counters are regarded as highly promising © 
since even at room temperature they can operate as photovoltaic 
_ cells without an external. power ‘supply. on 
- Comments made during ‘the proof-reading:. The. here qenceinea™ : 
counters. show considerable variance in the amplitudes of: the peices. 
during the . counting of monochromatic particles, i. e, they. are not — 
“suitable for~ spectrometry. At: present, .the laboratory of the :. . 
authors_ manufactures > surface-barrier silicon: ‘counters which. ares 
“guitable for ‘spectrometry (amplitude resolution less than. 1% for. 

. -q=particles with energies of 5.5 MeV), The considerations ~ 9. 
“presented in the paper are in principle. ‘applicable also: for much be 
“spectrometric n-p counters. ‘There are 1 areata and 3 Soviet 
. references, . 
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TITLE: 7. Investigation of the kinetics of impurity photoconductivity 
- _. for the purpose of determining the parameters of local. eae 
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3, noe ly 1961, 252-266. ie 


PERIODICAL: Fizika tverdogo tela, Vv. 


of impurity photoconductivity ig not only. of .. 
but is also of practical importance for: studying 
the: local electron states in’ the forbidden band and “especially: of its :. 
interaction with exciting: radiation. Apart from an earlier paper by the 
authors, relaxation processes of impurity photoconductivity have hitherto Vo > 
not been investigated in.detail; this wag, however, the aim of the preset : 
_ voluminous papers The authors set. themselves. the task of investigating = 
- theoretically the most important cases of. photocurrent relaxation during .— 
_- excitation in the. impurity region, The rules governing the kinetics of 
~Guparity photoconductivity have certain peculiar features.as is shown oe 
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“here, due to which impurity photoconductivity relaxation differs _ oe 
-essentially from that of. intrinsic photoconductivity. An exact analysis. ,° | 
of these rules shows that: an experimental investigation of the kinetics  § 


of impurity photoconductivity may serve the purpose of determining nee 
. various parameters of impurity centers as, e.g., the photon capture cross ~ 
section, the trapping cross section for free carriers, as well as the oo 
energy position of the impurity level in the forbidden band, the 


- eoneentration of centers and the degree of their completion. In part ie 
of this paper, the most important rules of the kinetics of impurity: ~~ 
photoconductivity in the excitation of carriers for one type of local. 
centers are dealt with. “Phis is done on the basis of an example of a = =~ 
semiconductor, in whese forbidden band there is a sort of local level 9 
with concentration M; these levels are assumed to be in the upper half of: ...”- 
“the band, so that they are in heat exchange with the conduction band.- hee 
This semiconductor is irradiated with monochromatic light of such a 


wavelength that only electrons pass from the local levels onto the 
conduction band, and that monopolar impurity photcconductivity occurs. . 


The equation of motion (13) dAMn/dt-= (m,- An)aJ -- yAn(N tim +n+ An) ge 


“cara 2/a 


SS FOSTER Mig Se a SENG SLR GTN NO ee 


"APPROVED FOR RELEASE: Thursday, September 26, 2002 
“APPROVED FOR RELEASE: Thursday; Septémber;26, 


in’the eater wend yeah: 
xeitation by square Light pu 


CIA-RDP86-00513R0014465 
wen aie 


PPROVED FOR RELEASE: Thursday, September 26, 2002 = CIA;RDPSG -00513R001446 
Ty day,.S inher leur4 PSB: 


n. ‘part. 2: 0f thi 
region upon” the. kinetics ) 


“APPROVED FOR RELEASE: Thursday, September 26, 2002 CIA-RDP86-0051 3RO0T4sezoNe277- 


APPROVED FOR RELEASE: ThursdaySeptetnbef'a6,/2002- RDPS6-0031'3R001446520002-7 


and: for switching .< 


- "APPROVED FOR RELEASE: Thursday, September 26, 2002 ‘CIA RDP86- -00513R001446520002-7 _ _ rs 
‘ APPROVED FOR RELEASE: Thursday, September 26, 2002 Oe: RDP86- IN, Saves SO 7RYEVSKIY, Y. P, 


MASHOVETS ,- T,V.3  RYVKIN S.M.5 
, Ge under the effect of. gemma Bo 

Mr 161 = ae 
“Bs 998-100 (MIRA yoRA 1 5) 


 VITOVSKIY, N.A.5 


trum} oe ‘defects arising in 
Fiz. tver. tela 3 NOe 


(Germanium) (Gamma rays) 


: Energy spec 
radiation. — 


(crystals—Defects) 


SPPROVED FOR RELEASE: ; — 
: Thursd 2 
+APPROVED FOR RELEASE: jay, September 26, 2002 3 Gi ook aN ak l is 
Pees SE: Thursday, September 26, 2002 oe ee ne: 
Shige oh z 001446520002-7" 


* 22064. ee 
s/ 81/61 /003/004/030/030 Ngee 


tno (oss 4) 


Dobrego, Vu Pes 


Bi02/B209 3 ee 


and 


Rogachev, A. As, Ryvkiny S$. Mey 


AUTHORS: 
Pe on yaroshetskiy, I.-D. 
wo TITLE: Low-temperature preakdown in germanium in aonnection with =. 
re radiative defects eat Oe er ee oe 
~~ PERIODICAL: Fizika eyerdogo tela, V- 3100+ 4s 1961, 1298-1300 
h group, the 


a m doped with elements of the third or fifth 
. eurrent may suddenly rise at helium temperatures when ..the field applied... 
exceeds a certain critical value. This effect is known 88 low-temperature 
'. breakdown. “Phe following is the mechanism of this effect: At these tempera-. = 
oo ytures, the majority of carriers. causing impurity conduction is localized at. a 

-Gmpurity centers, and resistivity ig high. When 4 field is Replied; the free fe") 

“carriers are accelerated and,.at 4 certain field atrength, their energy i8 s 

igh enough to cause impact ionization of seetiiied impurity centers. The. 
“Low-temperature preakdown. in Ge or gi due to donor or acceptor impurities ~~ 
vestigated repeatedly fhe: present paper is & report on studies 
ch is caused by radiative defects} auch defects have been — 
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on produced by jrradiating the semiconductor with gamma 
“Birst, the enerey. levels of the radiative defects ar 
shows the level scheme for gamma-irradiated (a) and fast 
a (b) germanium. The two shallow levels of the radiative 4 
9,02 and 0.01 eV) respectively, off the valency band; 
lectrons only partly or. no® at-all. 
the 0.01-ev level was found to pe fre 
In chemically impure specimens, the presence of 


“lpadiated Ge specimens; 
n compensation, ana the level was partl 


at helium temperatures. 
ffered a certai 


tly oc- 
s of such specimens were 


donor centers 0 
~eupied by electrons: Volt-ampere characteristic 
taken by means of & noharacteriograph.".. They. were analogous +0 those ob- 
“va. and V..Chuyenkov for the low-temperature 


Zavaritskaya, ane 
“ altogether, three specimens were examin-.— 
vv ieetion of shallow radiation levels of . 
then aE pe mi telotem™ 24 (emcand 7 = 


e specimens having @ resistivity of 2. ohm-cm; 
n-type and p-type specimens having ® resistiv-. - 
sured for comparison. THES 22". 


tained by B- vul, 5. 
breakdown due to impurity centers. 
eds - gamma-irrediated 1-y had ‘a conc 


og 7-103}em? and a hole concentration on 
efter neutron. 


| 2-n were n-tyD 
irradiation they were p-type-. é 
ity of 3. and 12 ohmeem, respectively, were mea 
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-. the table. 
prepared the ganma-irradiated. specimensy . 
~ Konoplevay® for the neutron-irradiated specimens. There #re 2 figures: 
eferences! 9 Soviet—bloc and: 6 LOT ae go) 
tion reads as. follows: meee 


table, and M1 
; ‘yecent reference to an BngLish-teng ee 2 publice 
» Newhortery R. ‘Redikers Proc. TRE,. 47> 207; 1999 


o-tekhnicheskiy institut im. 


ae ASSOCTARTON: 7 Fizik 
a Leningrad (Institute of Physics en 
ee hae Academician A. BF. Ioffe. AS USSR Leningrad) ae 
° “SUBMITTED: “December 20, 1960 ee ee 
wees oo TE a ms im . “legse| sangre 


az) LAP hints ‘ 
, O! Eas Bfcm» 


, "APPROVED FOR RELEASE: Thursday, September 26, 2002 - CIA-RDP86-00513R001446520002-7 
APPROVED FOR RELEASE: Thursday, September 26, 2002 _ UAC RDP SE 00513R001446520002- 3006! 


ae ee ee wigfesenronronrn 


Low-temperature .-. 


ces sa Sel Se SASS REED Ape tere eae thy Neer ere Aas 
“APPROVED FOR RELEASE: Thursday, September 26, 2002 ¢ 
y, September 26, 2002  CIA-RDP86-0051 ‘7 
i aoe re FOR RELEASE: Thursday, September 26,2002 =CIA-RDP86- Rar eu pperroe™ a 
BB oso ioe 


(10178 
B111 /3202 ee 


Mee: 


AUTHORS: _ - Paritekiy, L.. Ges Rogacheyy Ae Aes. and Soyuin, Se 
. —<—— 


Kinetics of photocells with | an hi eee photoelectric 


~ PIPTLE: 
; ; effect from a metal: into a semiconductor 


PERIODICAL : Fizika ‘tverdogo tela, ve 3, now: 5s 1961). 1613- 1646 


TEX: The paper by R.- Williams and R. Bube. (Appl. Phys. y 36, No. ‘6. 4960) 
gives a series of proofs for the existence of an "external" photoelectric — 
‘effect taking place: from a metal into a semiconductor. in photocells. con==: 
sisting of a Cu-coated. low-resistance CdS crystal. Earlier. measurements . 
made by the author showed a low inertia in such photocells. The. studies © tofeie ty 
‘the kinetics of. the photocells are similar to those of photocells with. An ee 
junctions which were dealt with.in Ref. 3 (Ss. Me Ryvkin, ZhTF, .XxVII, 655 
1676, 1957) and Ref. 4 (S..M. Ryvkin, N. B. Strokany L. L. Makovskiy, 
ZhtF, XXVIII, 9; aes for, actually, a metal. connected with an n-type: 
semiconductor replaces a p-type ‘semiconductor. In this. case those electrons — 
which have ‘absorbed a photon and ‘whose energy. exceeds the. barrier height eaten 
‘play the. part of the ‘unbalanced minority carriers: in the metal. On the: same 


' Cu + CdS with a resistivity CdS being7%1.ohm.cm were measured. The Cu- 
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“conditions asin Ref. 3a value of 10" ere was sontaiaed. oe the ‘tine: in be 
which a photoelectron passes the region of space charge. In- the: following, an 
the authors demonstrate that the relaxation time of a photocell t , depends - 


on the charging resistance in ‘the following way: with Ry Rp BH (n, = charg- 


ing resistance, Rp, = external differential resistance of a photeael ls. 


T; is independent of Re and equal to Rox (C= capacitance. between the 
layer of space charge and support); with small Ry and if Ryde R BH (Ra 


resistance of ‘the semiconductor)T;, depends. linearly on Rye. Photocells - 


layer was electrolytically. applied from:a Cu 250, solution by N. F. Prikot, 


student of the LGU (Leningrad State University). T. was measured by © the meth 


od of. phase compensation of: light which was sinagoidalty modulated by .a- 
frequency of. 1. Mc. 240 and. 260 were obtained for the capacitance of the 
space bese The capacitance of the support was 00 pf. 1 kohm and eae 


ohms were obtained for for Ry Photocella of this type can be used as 


the metal and the semiconductor employed. The: authors thank F. M. 
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photosensitive receivers with low inertia for the red and infrared range _ 
of the spectrum; also the range of sensitivity can be varied according to 


Berkovskiy for measuring the time constants. There are 2 figures and Sees 


references:4 Soviet-bloc ‘and 1 non-Soviet-bloc. 
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owmie “8 budy:: of ‘wponlinear" pigceccen of celesation of photo- 
ee oe ae conductivity in’ the Lisa of: Baneston levels. oy 


Raed no. 8, 1961, 2245 - - 2258 


PEREODICAD: Plaka, tverdogo tole, 


gordbed ene. ia raat: ‘dataii: were. ae tuetad.- for 
he’ “relaxation of monopolar photoconductivity a 
us MS inear" fillin of adhesion levels... The relaxation curves. ow 
Pe ener a to. Ting or characteristic sections or points,” by : which 
the level parameters. | canbe: calculated. — Earlier ‘already,: ‘Ryvkin. had. Soran: 
the effect. of carrier ‘trapping by adhesion levels: ‘upon the. relaxation. of: 

: monopolar, photoconductivity in ‘the "linear" ‘case (adhesion ‘levels ‘are™ ‘little: 

‘ filled: during the : relaxation process, and the: carrier lifetime ‘is constant). i 
By way of experiments, the authors. have* ‘discovered an intense &- adhesion on’: 
the relaxation curves of CdS single crystals (FIT, II, 35 1960). The study’ 
eae here continued by first observing : theoretically. the- kinetics of afte 
monopolar photoconductivity | at. any. ee of excitation (considerable : ee 


fart Ca 
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i filling of. adhesion levels) «. The. ‘effect of ae high: filling degra of” 
adhesion. levels upon the so atencs of a nonlinearly ascending ‘section - in’. 
the photoconductivity curve -is examined. ain Chapter. 1. of: the: present. ‘paper 
onthe basis of the -band- ‘scheme | (Fig. ip ce ~The forbidden| ‘band. contains She 
“recombination centers S$, to which. the: fact is to be ‘aseribed. that. the. 
electron lifetime ee -in’ "the conduction: band is large compared with. the - hole 


- 


‘lifeting c in ‘the val iioe band, “sO, ‘that photoconduction is ‘purely . n-type. 


ti addition,. the- forbidden band dholudes: ‘adhesion: levels’ of. concentration. Mt 
multiple. adhesion on them should be ‘possible. . The photoelectron. 

- concentration (n) in the conduction band -grows in. the initial eee of 
_xelaxation en: £2 > Llowing: the law 


ee, 


ae tes Be Boe Sie ane 


See arrangement shown in Fig. 6° was used for the purpose. Square light pulses: 
were used (front 2° sec) that were produced: by. means - of.a- disk M note vine: 
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--where - p denotes the quantum ‘yiele of the inner photoelectric. effect, k is. 
the. light absorption. coefficient, - ‘J-is the light hea tales: the 

: trapping factor of electrons: from. the c-band onto the M leve 

Qos 1/pOHeN oy ), Nag Ne ook -AEy /x?), Nie the effective state. density 


in the c-band, Ag, ee energy of M levels, calculated “from the bottom of 
“the conduction, nee O€ (MeN. “a )/pk. Fig. 2. shows n(t) in case of 


the smoother will be the course of the n(t) curves, i. e., the larger’ thet. 


on S-shaped uasant of photoconductivity can be observed in this case. An_ . 
“experimental study was made of the photoconductivity curves.on CdS single 
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"nonlinear". filling of.-the adhesion levels. The gréater’ ‘the ™ ‘light intensity, up 


First linear sections, the farther they will be shifted to the right... gs 
Chapter 2 deals with the effect of adhesion levels upon the general re 
character of the relaxation curves of photoconductivity. ‘This is done for 

the case of Cc. = const and in the presence of an intense. multiple adhesion. | 


crystals. that were strongly alloyed with ‘silver;: the experimental - 
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-in the pre-vacuum chamber. ‘The experimental curves showed a good agreement 
With theory. . 4 method for the optical . longwave sounding of local levels is 
-discussed in-chapter 4. . The method is essentially based on what follows:: 9-0. 
the intensity of carrier generation, g, can be. determined from the initial: 
inclination of the curve of the. growth of impurity conductivity, and is) 
‘proportional to the concentration of carriers occupying 4 given level: y, 
‘¢ = mqJ; m is the carrier concentration on. a given level, q the photon ©. A. 
and’ J the intensity of. the longwave light. ‘Since qJ 0° Z 
“the m can be determined from the méasurement Of g@.) 0005 @ 
diated with a- longwave light pulse having a: 2. 
sion rowth of impurity photoconductivity, .. 
om = chig, will be valid, where ig is the amplitude value of the ‘photo-. | 
e induced by the light. pulse and c is an experimental constant 
n the form of the light pulse. “For the case 
Fig. 12 presents the curves of the. 
tives 


capture cross section, 

is easily determinable, 
If.a semiconductor is irra 
‘shorter duration than the time of g 


current puls 

which, inter alia, depends 0 

of a- linear filling of. adhesion levels, 

optical sounding of adhesion levels. during the relaxation of -photoconduc 

ity. Oscillograms obtained experimentally are in agreement with them. By 2g 
optical sounding, n, @, dn/dt, and dm/dt can be determined: at any instantee 28 
- In case of nonlinear relaxation processes, determinations are made noe 
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AUTHORS: - Arkad' yeva ; Ye. N., Kasymova, R. S-, Ryvkin, S.M.: o 
he induced defect photoconductivity in telluric’ 


TITLE; | Kinetics of t 
a cadmium . . 


PERIODICAL: Fizika tverdogo tela, v- 3, no. 8, 1961, 2417-2426. 3: 2. se 


TEXT: The authors describe the energy band schemes and the determination. 
of its. various energy levels for monocrystalline GdTe. The effect of 
induced defect photoconductivity occurs according to the energy band scheme 
shown in Fig. 7- | Upon illumination by infrared light the electrons on Moe 
are promoted to the conduction band c from which they either 1) return to M 
or 2) go to (n-type). . Case 2) plays an important part when. the infrared .~ 
light is switched on... In: the. course of time its effect is; however,. weakened | 
(the photecurrent decreases). If the hole concentration in M increases and © 
-. dw § decreases to such a degree that case 1) becomes more probable. than | 
-@ase2), then the photocurrent does no longer decrease and the quasisteady & 
‘state is attained. ‘The exact positions of the individual. levels of the i. 5. 
energy. band schemes are determined by measuring the properties of the — 
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Kinetics of the induced defect --- bag 3 
p-type CdTe in this special state. ‘The measurements. _ 
Ye. N. Arkad'tyeva, L. G- Paritsakiy, Soo Mer Ryvikin vee 
1161, 1960) and S. M. Ryvkin, L. G..Paritskiy, R. Yu 
hetskiy (Ref. 3: FIT; TIT, 252, 1961) ‘vie “these.” 
tion'q of the level M- The Fermi level is measured 
ture dependence of the logarithm of the specimen 


conductivity. which is practically a straight line. It follows from the os 
slove of this straight line that the p-type has approximately 0.33 ev from 
below, and the n-type approximately 0.38 ev from above. To determine the 
energy level which is the principal cause of induced photoconductivitys the. 
authors measure the spectral behavior of induced defect photoconductivity — 
(maxima for p- and n-type approximately 1.8 red boundary for p-type oe eae 
: _approximately 4.3 p, for-n-type approximately 3.5 p) as well as the 22 wae, 
Aa dependence of. the increase- and decrease-time constants on induced defect >=". 
photoconductivity- - From these values the quantity q is determined =... eee 
ptained for. the p-type 
The complete. energy West 


 aecording to Ref. 3. Thus; the values 0.30 ev are 0 
- from below, and 0-33 ev for the n-type from above. 
7 (wm S,s donor level, n-type; 6 S)s acceptor 
table, and 5 references:, 3 Soviet. 


conductivity of n- and 
are made according to. 
(Ref. 1: FIT; IL; “65. 
Khansevarov, I. D. Yaros 
photon capture cross sec 
py determining the tempera 


pand scheme is shown in Fig. 
“level, p-type)> There are §:figures; 1 
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“AUTHORS: Grinberg, Ae ree Ryvkiny- 8: M. 


r nonetéady ‘photomagnetic | effect . 


oo BEDE: : Unipola 
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" PERLODICAL:!  Fizike tverdoge tela, ve 33 nos 


- EXT: While under steady: conditions the ordinary jiotéaagnetic ‘gPéect 
; (Kikoin-Noskov) occurs only in the case.of pipolar photoconductivity ‘of a 
gemiconductor, .a- photomagnetic. effect - (PME) - may occur also ina unipolar.” 
*“gemiconductor under. ‘nonsteady conditions. .° At the moment of. illumination a 
diffusion current of: “unbalanced charge ‘carriers is formed because the © a 
- charges do not-have sufficient ‘time to.form. 4: counterfield.. The noncompen-. 
pated diffusion current of the. unbalanced charge.carriers. is. deflected in. - 
_ the magnetic field. thus causing- the PMB voltage. After the illumination is” 
- . gwitched off. a. voltage of reverse polarity occurs (Fig. 1) due. to’ “guction" 
of the: volume charges: . quantitative eatamar tone: The eubore proceed | frome 


the formula 


part of the “411dmination. range of the specimen with t + wo ; 
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cunt panes “onsteady photomagnetic effect Hey me B202 | 


rae cont Dean I= ia ea ae = \} ty— Bpema peaance- M1) 


m®c ” 


given i A. Ae Gethvart (Ref. 1: FIT, “tL; 836, 1960). (, relaxation ‘time, 


p-eLlectron mobilitys t Hall mobility. of the. electrons, ‘the: other ‘denota- De 
- tions are the same as.in Ref..1). Under ordinary conditions, this formule. ee 
4g sufficiently accurate. The: following relation is obtained: for the ae 


‘electric field a PBs oe HONG eae ee 
2 i Ty 


E,= 


; ‘where he oT is the concentration of the: unbalanced carriers” in “the neutral . 


Mg = Ny exP (- ce ae where N, is the effective density’ of the states. of, 


wore ene ae eee ae haitatiay wee pig Piet ee sin octa Ie Og Rr eae 
me SSNS AAG Se ACRES ERASE ES SRANCATE CST ot mee N EE AES ASCENT 


ee Ee EEN REARS TE COT PT RR IEE Cen Se ee 
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OS she cshauction band, { the total concentration of. the defects, and 1 m “tne 

‘eoncentration of the nliecie which, in. the case of thermal equilibriun,= ia 
- occupied ‘py electrons, q photon capture cross section in a defect. Pe. 3), 
“cehows the relaxation effect of B, for two ratios t/t. 


BH sed tag ee eer pa 


t 


a ed 
: t 


“holds for the maximum value. The short- ~circuit current is. 


ee the | maximum shores ~cirouit current eaounke ‘to. 


ae teas) = ep BH oH Lane r=]! () ae 


‘The ratio (10) : (aa) indicates that the : none teady unipolar PME is strongly . 
ard 3/54 7 nee 
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we Unipolar nonsteady. photomagnetic effect — -B109/B 


: marked. in Pee conductive materials. Thus , with the following values. 


Le fem, L ee by = 0.1 em, €= 16, wH/e=1, Ann, Ipmga 1019, hee 


eas 107194 is 5 obtained for the maximum short-circuit current. “With a 


mobility of. w= 107 cm 2/y sec\the interval ‘resistance R, = 107 ohm. Thus cee 
~ voltage of 107? vis formed at a load resistance R003, Ry oe ‘The authors 


thank L. E. Gurevich ‘for valuable help. There are 3 Figures and 1, Soviet 


- reference. 


i “aSSOCIATION: Fiziko- senunieheerdy dnetiear im. A. F. Ioffe AE ccc, Lenin: 
= grad (Institute of Physics and Technology imeni- Ae Pe Ioffe - 
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“card 4/64 


So a sess sony a 


~~ """“APPROVED FOR RELEASE: Thursday, September 26,2002 CIA-RDP86-00513R001446520002-7 _ 
:. [APPROVED FOR RELEASE: Thursday, September 26, 2002 CIA:RDP86-00513R001446520002-7" 


99700. a ae ORS 
ce -g/181/61/003/010/032/036 
iii / §125/B10208 2. ee 

pl EY Res ee 


‘AUTHORS t 


1s Ryvkin, Se Mey Khansevarov, R. Yu., and Yaroshetskiy, I. D. . 


I, 


PERIODICAL: Fizika tverdogo tela, v. 3, mO+ 10; 1961, 3211 - 3219 


by some orders. of magnitude. It was examined in n-type germanium 
specimens (g = 20 - 30 ohmecm) irradiated with co? + quanta. Since 
irradiation took place at 10°C, the radiation defects were stable at 
room temperature. The experimental setup is shown in Fig. 1. The 


-giderably. above the level at 0.2 ev throughout the temperature range in- 
““wolved.:, The typical dependence of this photoconductivity on the energy — 
Cara 1/6 7 oe, eee a a eS ae 


TITLE: Impurity photoconductivity with gamma-irradiated germanium — 


‘specimen was placed in a cryostat with KBr-window. All. measurements.were. - 
‘made at .100°K. Parasitic light was eliminated by a set of filters. The | 
“gamma-induced defects in n-type Ge form four levels in the forbidden band. 
which are 0.02, 0.11 and 0.26 ev above the edge of the valence.band and: 

0.2 ev below the bottom of the conduction band. The Fermi level was. ‘con-. 


TEXT: Gamma irradiation of n-type germanium gives rise to an appreciable See 
impurity photoconductivity which exceeds that in nonirradiated germanium Ps 
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‘of. incident: quanta is presente 
‘impurity photoconductivity - was 
light frequency was chosen. suc 
‘from the 0.2-ev level. -Growth 
respectively, switching the li 
obey the exponential law. The 
calculations of S. M. Ryvkin e 
was observed in all n-type spe 
light corresponding to the sel 
Fig. 5 presents typical curves 
character, ‘the great variety-o 
-ties.of quenching:are due to + 
namely,: of. quenching and’ of th 
of the: spectral distribution.c 
the two light intensities: depe 
not characteristic. of the exam 
defects ‘forming asa result of 
‘to an impurity photoconductivi 
tion of. the two independent Ta 


Gard oh 


8/181 61/003/010/032/036 Boe 
-B125 (R102 : 


a in pix: 3, The eelauat ion” oe: unipdiar: a 
also-examined. In these: “experiments, the ~ 
h- that electron transitions ‘occurred only. : 
and decay curves of photoconductivity, anon 
ght on and off, are "asymmetric" and do not. 
experimental results may .be explained by. 
$.al.<« (FUT; TIL; no. 1, 1961). Quenching . 
cimens when irradiating simultaneously by 
f-absorption band and the impurity band. — 
of quenching spectra. The complicated © 


f-relaxation curves; and of ‘spectral pee 
he superposition of two concurring: processes, Be 


e impurity. photoelectric effect. .The shape 
urve,. while depending on the ratio between es 
nds on the experimental conditions and is. 
ined. material. Conclusions: : The. radiation | 
gamma. irradiation of. germanium ‘gives. rise 

ty. reaching as far as 6 microns. The posts. 


diation defect levels agrees. with results” ae 


Roa Raine 


Bale Impurity photoconductivity... . = B25 B102 
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earlier found from ube weacurenent: of the Hall ‘constant and ‘from the: aha 
kinetics of intrinsic: -photoconduction. | Quenching resulting from the com- 
- bined action of light. corresponding to-the self-absorption and . impurity — 
“bands results in the trapping » of minority carriers. There. are- 7 figures, eee 


1 table, and 16 references: 8 Soviet and 8 non-Soviet. ‘The. ‘three most™. 


“recent references to English- language ‘publications read as follows: 


Re Newman, W. W. Tyler, Sol. State Phys. ae PLeSS oy 8, 1959;.. 
Z. Johnson a. H. Levinstein. Phys. Revs, 117, no» 5,:1191, 1960; 
R. Newman, H. H. Woodbury a. W. W. ‘Tyler. Phys. Rev., 102, 613, 1956. 
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AUTHORS t | Berkovekly+ Pe a -ayviiny | S. Mey and Strokan, Ne Be 

: “ BLTDBS ay Effect “of ‘gahesion levels ‘on.  ourrent relaxation in 


: : ,dngtramentes with. n-p junctions - ae eae 
PERIODICALS Fizika. tverdogo tele, fe By no. 144 1961» 3535- 91 


TEXT! Using: the results: of "another: fork" (sat, rie 230, 1961) the : coe 

authors study the effect of. a- and fi adhesions on the “relaxation of. fae OE 
ae surrent flowing in 4 junction with a thin: base... This case corresponds SPE ANY 
foo real | conditions, and is treated. by the ‘example of a photo-diode. only. 

ecedn the case - of & -adhesions and + o? 8 is Its the ‘relaxation of the photo- Sue 


ne current, ‘retarded by (1 + WP )s to = 2 70D, where W is us be thin 
_..of the base. ‘and D the. diffusion. coefficients. Q's WP an ‘For any 


oS marked retardation the concentration of adhesion levels M ioe satisfy 
“the conditions uyP ont: ov 1M - +.Po ws AS en) t7 1M. On the basis 


of published data an "estinate for gernaniua @ and silicon: gives. SA 


; Gerd.i/2 vevceeeeet Suess SOHN a ~ ees 2? rae 
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SP ee N. As; aa P. I.; MATVEYEV , De Asj RYVKIN, S.M.; TARKHIN, D Ve 


- “silicon + n-p ‘counters of. ‘heavy charged particles operating without. 
sources of power supply. 2 Pribs i tekh. eksp. 6° No.2: 362-83 2. 
Mr-Ap "él. Oe eS eo PAG cra 14} Hg)". 


1, Fiziko-tekimichesidy institut AN SSSR. a oS: 
ie (Nuclear. counters) 


oe: 


i ANDES TREY RET PUI Te ee Bn ae ein rn 
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..B102/B138 . 
One 6000 / 
_ AUTHORS: LR vkin, S. Me, Maslova, L. Vas Matveyev, . 0. bey Strokany We Be 
“Tarkhin, D. Ve 
 @ITLE: Silicon counters in nuclear apectrometry 


PERTODIOAD: “atomnaye. energiya, ve i1, no. By 1961s 247 - 220, 


. PEXT; . Silicon. counters were “developed at the Fiziko- tekhnicheskiy. institut 

“ime A. F. Ioffe AN USSR: (Physicotechnical Institute imeni A. F. Ioffe AS : 
USSR) in 1960. The counters were small (active area: 2°2, 5°5, ‘and 10° 10. 
aa .» Their pulse height was — 1 mv/Mev, and resolution less than “1% for. 
= 5.5 Mev. They were produced by sputtering gold to n-type silicon. ens 


gna diffusing phosphorus into the p- type silicon. The following character- 
istics were investigated: (1) Volt-ampere characteristics. They were the- eae 
gual shape for p-n junctions. Reverse current was 0.5 - 0.05 pa (at. 40 ve 
“. for. the’ small-sized counters, and increased proportionally with area; : 
- breakdown. voltage: was’ between: “50. and 60:-Ve: (2) Capacitance-barrier. voltag 
wv dependence. The capacitance ofthe sensitive layer (the volume- -charge - poe 
= domain). was in accordance with the usual capacitor formula d = € 93/4nc 


Gara 1/3 
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(s - = area, Eo 7 = dielectric constant); since “the thickness a-of ine ne 


sensitive layer is proportional to WV, ; the capacitance decreases. as” 
(vH7, \? -1/2 


Pulse height was determined by Q = en. (N - ‘number: of pairs formed. 49 
ionization); the mean pair ares energy; » Was measured for Pué 8 


-~glpha particles . (Q = 2. moO a12 k): &= 3. 53 £50.15 ev; this value. agrees 
with-that found in Ref. 4 (see tee (4) Pulse height-energy. dependence. 
~ Pulse height das a function of voltage V was measured for the. alpha 
_ energy groups 8.78 and 6.05 Mev. .For the short-range | ‘group, pulse height » 
~ reached. saturation at ~ 15 v, for the long-range group at 35.¥- | O(E,) 


with increasing. voltage. (3) Pulse height-voltage sete 


was found to be a straight line. It is: predicted that at V = 60 v Linearity. 
will also be maintained for alpha particles of up to 10 Mev or for any 
-other particles with ranges of up to 60p. (5) Amp}4 tude resolution. This 


was determined on a 100-channel analyzer using Pu Bei phe emission. eats ho Aaa 
correction ‘for noise background ;. resolution was found: to be ‘27 kev or 0. 5% 
for the small counter, 1% for the medium, and 10% for the large one. The. 
» Spread is: attributed to inhomogeneities of the silicon.: In, the OlYal at 
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Silicon counter in nuclear..." nie .) 2c 2' BI02/8 


“Dubna the 10+ 10-mm2 counter has been used for 0°?) _fission-fracuent Re Ee 
‘recording with high alpha background; G, N. Flerov, Corresponding Member. ie 
of the AS USSR, has submitted a spectrum recorded with this counter to the 
yauthors of: the present article. These junction counters may be used not = 
only for recording of a-particles and fission fragments but also for fast - 
and slow neutrons. The authors thank Gs V. Khozov, Engineer. T. A, 0 0, 
Lebedeva and CG. D. Gusarina, laboratory assistents, and P. I. Gorshkov, 9 = 
_mecnanic, tor assistance. There are 7 figures and 4 non-Soviet reterences. |. 
They read as follows: Ref. 1: J. Blankenship, C, Borkowski. Bull, Amer. 
“Phys. Soc., ser. II, 5, No. 1,° 38 (1960). Ref. 2: _§.° Friedland, L. Mauer 
J. .Wiggins,.Nucleonics, 18, No. 2; 54 (1960). Ref. 3:. 35. Mc.Kenzie, 
J. Waugh. Bull. Amer. Phys, Soc., ser. II, 5, No. 5, 355 (1960). Ref. 4: ee 
_ 4M. Halbert, J. Blankenship. Nucl. Instrum, and Methods, 8, No. 1, 106 (196. 00. 
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Ron crinbera, Ae Aes Novikov, Ss _ Rey and Ryvkiny Sy ai 

< . APITLE: - phe. New. ‘effect of Nogetive Protoconductivity 4 in a Mag 
ee Field. : 


adenil nauk SSSR, 1961, vol: 


means _ ae which 


“PERIODICAL: | Doklagy ak 
Spder:: oe 


TEXT:~ Fig. 1 shows a scheme “of: the: _gxperimental ® 
ir: experiments. By means of. this. device they. 
tor in the case of the © 


the authors car 
were ‘able to ‘tra 
existence Or: non- 


nsmit light pulses to: 
tic field. The- ‘photoconductivity ok 
onded to the "positive" conductivity, that 


esp 
ductivity- The woos 


7 without 4 magnetic. field ‘ort 

vee with magnetic. field corresponding “to the “negative” .con 

effect. produced: ‘py the photo- -emf. of. the doers pe inhibited. ‘The. 
4 that in “the ‘motion of. 


“explanation of this effect proce 
‘trajectory 4 is. ‘ourved, 


‘he carriers in a magn 
whereby the resistance. is. 
; necreon per thy aligns. the 
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- growth of the pentetaace in a ainenetic field. “Thus, by. some Cgectenas of 

_ the Hall’ field, the resistance of: the semiconductor is increased. By. 
irradiation with light from the absorption band, electron-hole ‘pairs are 
produced, and the increase of the electron. concentration ‘leads tora del: oe 
crease of the Hall field. A formula is. -devived for calculating the nega- 
‘tive change in the. photoconductivity » in. n-type germaniun,® and: further 00)" 
two inequalities are given, by means of which it is possible to determine 


“.when no negative photoeffect may be observed in: ne type: or p- ~type. material. LB 


There are 3 PL eures: 
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PRESENTED: | “Tease 1, 1960, by A. P. Ioffe, Academician 
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PITLE: ae Sensitivity of germanium and gilicon photorLenents in the 
re range of impurity excitation 


_ PERIODICAL: Fizika tverdogo tela, V>- 4, no. 2; 1962, 366-375 


TEXT: The authors study the possibility of: the occurrence ‘of a pnoto- -enf 
“in the. p-n junction. in the long-wave range behind the intrinsic errs 
absorption band. The theoretical results ‘were checked by an- experimental ae 
investigation of gold-doped Ce-and Si elements. It is shown. that es 
photo-emf may arise with impurity excitation in conditions where minority a, 
‘carriers: are generated in sufficient quantity. Fig. 1 shows the — ee 
transitions possible when the semiconductor co ntains only one ‘kind of UX: 
impurity and ig irradiated with photons Ww whose energy is Less. than: the 
forbidden-band width. It is demonstrated theoretically that. with ‘impurity. 
excitation in general, minority as well as majority carriers are produced”. oA 
‘3f the quantum energy is greater than the half-width of the forbidden band: 
‘If it is less, however, only majority carriers are prodiceds. Photo- ent . 


-emf reaches 150 mv... For an incident energy of 3°10 
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Sensitivity of germanium and silicon... B102/B138 


Wag observed on Ge p-n junetions obtained by diffusion: of antimony int? a 


eee 


- p»etype Ge with a gold concentration of 10 » From. the x= dependence of. 
- photoconductivity and photocurrent it can bec seen that both cover. the ee 
‘region of. impurity excitation, — Photoconductivity extends farther than ~ oy : 


photo-emf into the long-wave range. -Photoconductivity . and ‘photo-emf at: 
ai>2 p are due to the deep acceptor. levels:of gold: 0.2 ev from the. 


‘sonduction band and 0.15 ev from the valence band. The voltages steamed fs 


experimentally are less than the calculated vee but mey reach 


considerable vaiues. For.a load resistance of 108 ohms at 4 = 233. BR thes 


ae this ‘corresponds 
to-a sensitivity of 5000 v/w.. The p-n junction in potas doped n-type 
‘silicon was obtained by electrodeposition of nickel. | Photocurrent ‘and 


 photoconductivity have very similar spectral distribution and occur. | 


between +.5 and 2.5 p, They are ascribed to the level, 0.54 ev off the 


“c=band which is near to the middle of the forbidden. band. As compared with oe 
_ photoresistors, photoelectric: signal transformers on the basis of - fs 


p-n junctions have several advantages: low dark current, insensitivity to 


eaake sion levels, independence of external voltage sources. : The design of 
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Sensitivity of germanium and silicon..> B102/B138 : 


a. photoresistor (Fig. Ta) and of a photocell with p-n junction are compared 9, 
‘in an appendix to the paper. N. B. Strokan and L. G. Paritskiy are thanked 
for discussion and D..V. Tarkhin and Yu. V. Shmartsev for the specimens. - re 
V, Ye. Lashkarev, K. M. Kosonogova (Izv. AN SSSR, ser. fiz. No- 5-6, 

4941), G5 M, Avakyants:and Yu. L. Ivanov are mentioned. There are ae 
7 figures and 7 references: 5. Soviet. and 2 non-Soviet. ‘The reference to: 
the English-language publication-reads as follows: J; M, Waddel et al, nore 
Proc, IRE, 102, part B, 757; 1955. ; 
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Fig. 1. Band scheme with possible transitions: 


Fig, Pe Photoresistance and photo Celle: 
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AUTHORS : ayia, 5 Mas epapians Ne Be Hakovskiy, L, Le 


TITLE: coe The xinetics of photoelectric cells “with n-p » Junctions eo 


PERIODICAL: “Ref serativayy enol: ‘Pizika, “no. 6, 1962, 31, abstract. 5 -3-62y. 
(V. sb. "Fotoelektr. i: optich. yale Vv poluprovoaniiakc, ; “Kiyev, 


me USSR, 1959, 360 - 350) 


: TEXT: Tne ‘inetics of JIGTH ar “gnotodiodes. was “soistaere’ with 
3 dighies n- ee and tak: ‘the hole: current -into account. The relaxation” 
of emf of diode circuit is shown _ to be deter 
lifetine, T, of * nonequilibrium noles if the snequality fT. YR c.is 

watisfied: c is the total capacity of . the junction and assembly; and Ro ‘is the 
resistance of the n-p. “junction: at. zero voltage. . The similarity between the curves - 
of rise and drop of the photo- -emf depends: on ‘the intensity of 1 Light considerably 
= an increase. °o this similarity. is disturbed. “The inequality © 

Tp RC can be: ai ecrease of temperature, in the. case of a high 
capacity c, and in dependence of the type of photodiode - ‘The general case of. 
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“The kinetics of photoelectric. cells with n-p junctions  A061/A101 


- $/058/62/000/005/118/119 


pnotediode: connection at a load Ry is examined quantitatively. The curves de- 
scribing the approximate solution of the system of equations of the relaxation. 
process in limit cases of emf drop are analyzed. The results obtained with both. 
“accurate and approximate formulas for. the emf agree: well with ‘experimental data: 
-Provisional information is presented for the ‘kinetics of LETI germanium photo-: ony 
diodes of a sensitivity from 1 to 4-a/lumen, a dark current of 700 to 500 wa, an - 

admissible voltage limit of ~5 v, and a lag of 10°? sec. There ‘isl reference...” 


V. Shch, 


[Abstracter's note: Complete translation] ~ 
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TITLE: 
: carriers 


4, no. 2; Beek 516- a8 


PERIODICAL: Fizika tyerdog tela, ve 


g is only observed. 4f- a * altcutder 
ated. However, since ahe 
eous semi- 9 


 pExT: “Steady photo- “ent 
“parrier exists and if minority. carriers are gener 
periods required d to establish t 
' gonductor may: be different, - a nonsteady photo-enf may also be observed when. 
uired for. establishment.” 


-conly. majority, carriers are ‘generated. The time req 
an this kind of ‘semiconductor will depend on the Lifetime t. andthe time. 


for ‘establishment of: diffusion-migration equilibrium t/4no, which. are . 
different. A. nonsteady, photo- ~emf. due to: majority-carrier. generation. wa oe 
observed at n-p Junctions produced by ‘a@iffusion se antimony into goid-doped x 


p-type Ge, with an Au concentration of 101? om 23. The 8 eotral photo- -emf. 
sister 4s shown in: Mies: 2: for steady siluginetion. a¢ Ne and ae : 


s ASSOCIATION: Fiziko- “Gekhind cheakly insti tat Ete Ag: Pe Toffe ANS R 


"APPROVED FOR RELEASE: Thursday, September 26,2002  CIA-RDP86-00513R001446520002-7 _ = 
. » APPROVED FOR RELEASE: Thursday, September 26,2002 — CIA-RDP86-00513R001446520002-7" 


_ Nonsteady photo- emf at anes oi vig oe B102/B138 


~ i1lumination of 40° eps i) 4 “Steady ohee: cent chose. at “2. 8 ear are 
Ny 2.8 p, only majority: carriers are generated. — ‘There | are 2: figures: ‘and 


6. Soviet. references,” 


Leningrad. (Ehyetcotselnteal 7) Institute. iment” ASP. Ioffe 
AS USSR,» Leningrad) OE gs : 


SUBMITTED: July 29, 1961° 
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AUTHORS: F “Konovalenko, | B.. ae _nyviin, S. Me» | and Yaroshetskiy, co D. 
ee ; 
“arnt: Radiation defects caused by fast electrons in n- ype 
germantun ae 


PERIODICAL: Figika: tverdoge tela, v- 4, Mo. 2, 1962, 379- 382 


“TEXT: “The concentration: M of. radiation defects). the number 1 of the - 
defect levels and their energies. were determined for n-type Ge. .- 


156 


(v4 ohm: cm, n™2> 10. m=) which was irradiated by 2- 5-Mev electrons. 


othe. electron current aensity was. 5 palem™, pulse duration was. ~2 psec. 


“> and ‘repetition frequency was 50 ‘gee. The samples (8:174 mm?) were cana 
water-cooled. - ‘The electron energy behind the specimens was ~1.5 Mev; so) 
‘that for calculations the electron energy in the specimen: was taken to be. 
~2 Mev. . Carrier concentration was determined by measuring the Hall 

“. gonstant between 77°K and room temperature. Mand 1 were determined using 

- the relations: = N, ~ Ml, and n, = Ban wi (1- 1); n,°4s the electron 
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Radiation defects “caused by fasts.» Bi02 B138 ae : 


soncentra tion.in the conduction band at low temperatures, when aii defect - 
jevels are filled up and all donor levels are completely. ionized - (section I. 
in. Figs qa). Ab high temperatures) when the upper defect levels are. 
completely ionized, My is the electron concentration (section tL in? 


Wig: Lee M was also determined from the activation energy of the upper 
jevels and the carrier concentration of the linear part of Il, using the - 
relasion n-n, = MN, exp(- hp,,/2kT)» No was calculated for the effective a 
mass my = ae For several | eater oe: specimens, the foll owing meena S 

‘so were obtained: N, was (2: 08 -2+26)°10'7 om “3, wl wes (1.65 - 2 03)*10"7om™ > 

ae M: was (4. 25°- ='5u2)> -40'4 sare 1 was 3s 9 - 4.2; AES 0.20 - 0023 e¥; and , 


the radiation. defect formation. cross section was.1; 45-1255 barn; it Was ; 

_-galoulated from o. = M/9Nq oe d- electron ‘flux density:. Nos 7 number of Ge. 
atoms per peas Electrons . with 25 Mev were. found to care defests witr 
the following levels: E -0,24 evs E,706 56° 2Vs E, +0,25° eV and E. 40.17: e%>" 


o.. There are 3 figures. 2 ‘tables: and 7 references: “3! ‘Soviet. and i non- 
- Soviet. The three references” ‘to English-language plese read as 
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AUTHORS: . Dobregos V. Be; and Ryvkin, So) 


TITLE: ae Negative “photoconductivity in gernanion at. Agusta 
; : grenPrre iy a “ 


PERIODICAL: Fizika tverdogo tela, V- re no. 2, 19625 53 - 555 


TEXT: iegative ghotoconductivity was. , discovered. in. poijee Ge with 


specific resistivity of 0.2 - 0.4 ohm* ‘cman 2 Ge of 0. a ohm: cm ates: 


“helium temperature. In n-type Ge ‘above..1.0 “no” observed. 
At low 4Llumination gntensities. conductivity decreases na very. short... 
range (a in Fig. 1)+ Oscillograms were taken of the current. rise. and 

. drop ina cell. with: the’ specimen exposed to ‘gquare « ‘light pulses. ‘From 
the: oscillograms it: can be, seen. that positive and - negative ‘photo- pe: 
-gonductivity have different. “{ncrease - ‘and decrease: constants, the- latter 


-.. being: ‘particularly marked. Both curves. are non-exponential.- The red s 
edge of negative: photoconductivity ‘of n-type Ge is at about 0.74° eve. Ay 


a the short-wave side. photoconductivity decreases slowly and’ vanishes - at) 
4.1 - 1.3 b- It is assumed that the negative: photoconductiv ity may. be. 
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Negative photoconductivity... int) B102/B138 eects 


due to increased Gooulatten of the donor levels, caused by iVinination: 
There.are 2 figures, 1 table, and 4. non-Soviet references. . The three. 


- -ypeferences to English-language. publications read as follows::C. S. Hung. 
J. R. Gliessmann. Phys. Rev. 79, 726,.1950; H. Fritzsche. J.. Phys. Chen. 


Solids; 6, 69, 1958; P. Csavinszky. Phys. Rev. 11 135 1605, 1960. 
“ASSOCIATION: Piziko-tekhnicheskiy. institut im. A. ee Ioffe’, AN SSSR : 
'...° “Leningrad (Physicotechnical . pang h imeni ‘A/F. loffe. 
AS USSR, ‘Leningrad ) — : ey ae 
SUBMITTED: November 3, 1961. 


Pigs. 1.. Lux-ampere characteristics. 


Fig. 1 
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TITLE: : Eiargy. aati of some p AMBOED SY. atoms in germanium and 
2 ee gee pti icon » eas 


PERIODICAL: | Fisike: tverdogo tela, v. 4; no. 3 1962, 816 - (818 - 


TEXT: Inia privious paper (FIT, 1, 1381, 1959) the authors sdteeutes a 
method of determining the total number of acceptor (or. donor). levels. - 
-.- pertaining to.one structural defect and lying in the forbidden band .of a 

" gemiconductor. The. method consists. in measuring the temperature. dependenc 
‘of the Hall constant in. specimens with known ratio of the concentration 

of the "ordirary" carriers (of the elements of .the groups III and V)i: to 

the defect. concentration. Such measurements. were. made in gold-doped » 

eos ns -type Ge, copper-doped n-type Ge,and: gold-doped p--and n-type 5i. ee 
. Specimens - ‘y.th known impurity concentrations are obtained: by diffusion. 
In the meazarement, the concentration M. of the atoms added must be. such” 
“that ML<N,, or Mk< Na, where ‘lis ‘the number” of ‘the. acceptor levels, 2 ate te 
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thes number of the donor leveis, Na, Ne are the concentrations of the 


The results (Fig.4 


fordinary" donors” or acceptors, eee are 


Ener sy spectrum of some... ~B101/B102 


1) rhe 


show a concentration no of the ordinary donors prior to doping which. 


“corresponds to complete ionization, and ny after doping. indicate that at. : 


liquid-nitrogen temperature filling of the ordinary donors: (V-group - 
elements) sets in. The concentration which increases with: temperature . 

_ (To and 136)’ corresponds to the ionization of the uppermost level of the 
impurity atom and the ‘concentration ny (Pig. 1) to the complete emptying | - 


a n-type and p- type: 


“of this level. The relation ls (n,, = ny)/(n, =n a for Cu in Ge is 3.1 


for Au in Ge. (2 specimens) 1 = 2.8 and Le 3.1. 
. Si the curves I and II coincide. at high ‘temperatures (approximately Zee 


°K 


from which it follows that in silicon gold forms one acceptor level” 
pg 1) and one donor level (k= 1). The calculated: activation energies — 
-for the upper acceptor levels of Cu and Au in Ge, and the acceptor and 


“donor levels of Au in Si agree‘ with published data. 


-and.5 references: 2 Soviet and 3 non-Soviet. 


The three references to... 
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"here are 2 figures | 
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OG. B. Collins, R. 0. Garlson, a. Gallegher, Phys. Reve, 10 O55 A168; 195 
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SUBMITTED; “ Decenber 30, 1961 


Figs 1. Tenperature ‘dependence. of the: carrier. concentration in 


germanium. _ (a) doped with Cu; (6) Aoped with Au. . 
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TIPLE: : ; Recombination rediation of gallium arsenide a 


psaTODICAL: Pini tverdogo tela, v- dy NO. 44 19621 1062- 1065 


; PRX: uonocry stall ine n- - type InAs plates with an “electron ‘eoncentrati 
of $10 11, a were used to study the “intrinsic recombination radiation. 


“A. pen junction of x0. 1 om was produced by diffusion of Zn. or Cd into. the 
Inds plate... The nonequilibrium carriers were excited by pulsed 
: injection. through. the junction. The radiation was observed in papaltal’ 


40 the p-n junction plane. At-77 °% the emission spectrum has;:a-narrow ° 
peak at 1.47 ev (optical gelf-absorption-edge) and . two maxima: at. lower 
energies which are in connection with-recombination via impurity levels. 
-Qne of these levels is 0. 2 ev distant from the middle’.of the. forbidden | 
band, the other 0.25 ev froma band edge. The relative height ‘of all 
maxima depends. on the current. density Shrongh the. pn anes oy At less 
‘Gara 1f2> 
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Recombination radiation of gallium eens be B102/B104 


“tha ta/on™ only iapurity. radiation is observed, then intrinsic padiation 


arises and increases: rapidly, and between 10 and 100 a/om@ the relative 
height of the maxima. remains. constant. The results can be explained by. 
assuming volune- charge recombination at weak currents and injection at 


hign currents. At above 10 a/em the emission intensity increases | 
linearly with oe density through the p-n junction and decreases 


only above wA10° a/en . The coline ‘band width is temperature- ~dependent. 


according to the law (1. 51= -5 66° 10” 4p) ev. The intrinsic. emission ‘Line 

‘ narrowing observed at: high current densities can be. explained by. invers 
band. filling (production of states with "negative temperature") or by 
assuming that the’ injected carriers cause degenerate filling of one band 
only. The ‘latter possibility” is more probable. There are 2 figures. 
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- MITLE: aie Optical charge exchange of impurity centers and kinetics © 
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_ PERTODICAL: "Fizika tverdogo tela, ve 4, no. 6, 1962, 1482-1491 


auction in direct and reverse charge 
been investigated experimentally, and’. : 
i The examined five groups 
of n-type germeniun specinens d by diffusion — Pas 
“gomprised almost all possible stages of compensation. . the illumination of 
group I specimens (all Cuscenters having a triple negative charge) and 
>, ef. group V gives rise-to electron exchange . 
(level TII for group T; and level II for group Vv) and ¢ 
“Zone. Tne relaxation curves then contain only 
“specimens of groups II. and III (containing trip 
“-genters) are irradiated with 0.45 ev >hy 70.26 evs both slow and fast 
relaxation appears. ee ee genad dation et th: 0¢49 ev 21¥7. 074. OU 088) 2 
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terpreted qualitatively. 
with copper introduce 
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“optical charge exchange of. “impurity - 
es down “gently: owing to: charge: ‘exchange of the Cu 


tion of: Tit (all- centers having: double - negative 


relaxation curve slop 
harge. exchange which may © 


es centers. Th: trradia’ 
charge) witn 0. ‘A9.- ev> ny 30. 43 ev causes reverse ¢ 
change. the rate-of generation. and, to a-lesser degree, also the lifetime. — 

In the irradiation: ‘of: group . “IV: specimens . (containing singly and doubly . 

- charged” centers) with 0.43. ‘ev >hy >0- 32. ev.as well as in the: short-wave .. 
there apoears 4 "fast" component. Theoretically. possible slow We 
g are not. observed. After. illumination of a group” IIT. specinen SP 

~0.45 ev, electrons from levels Il. _and III are. ‘transferred 
The intensity, of this reverse process. ("flashing" Bedi is Wade 


. jnereases with progressing filling of ‘level IIT with electrons.. A's 
-ugstate. ‘sets in after 2° certain time. ‘Hence, the amplitude. of thier verse. 
: > flashing" (characterizing tne ‘concentration . of triply, buhay Uk 
pete * @quilibriun centers) tends toward a Limiting ‘yalue i 
: illumination has: been protracted. for. a sufficiently: long rime cea 

intense the 4liumination, the- more quickly. ‘this : limiting. value. ‘ig eee 
aie attained. There are 6. figures... ‘The most important English- ~language 
OT gs ‘reference Sig: Phys Rev, 98, 9095. 19595 5 
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TITLE: Pa A jathed of long-wave photoelectric eons of local lev 1s: 
: ‘ in- semiconductors i 


| panToprcAe pinike tverdogo tela, vi 4, n0- 6, 1962, 1978 = 1588 


ribed here for the investigation. 5 
the sample is. irradiated with 
_- a probing pu . 16) along with a” “sufficiently” 

“long square excites: the ‘relaxation: ‘process » 
“under investigation. f.. the. probing: ‘pulse ‘isso. chosen 
that the. levels under “eonsid In ete ee -the .:- 
~ gignal on the. oscilloscope" Th 
- concentrations ‘of free and pound ‘carriers ‘can: 
- slope of. the curve on -thesscreen and from its! ‘peak~f 
. v0 . ing pulse. The sample can be. irradiated with a ser 
‘during the interval of a single. square pulse (Fig. ae 
"the relaxation of the concentrations | to be. determined. 
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-. source S S (Pig. 3) and the’ probing intvaned ‘light of the. monochromator M 
2 ere. ‘regularly interrupted by the disks. A, (square pulse) and . Dee ~The. 


signals of photoconductivity are recorded oy a double-bean. sdeditensone 
>and photographed. The probing pulse is. automatically shifted along. ‘the 
_ oo) square one.. Examples of a qualitative. analysis of. the behavior of. : 
-:. ..5) non-equilibrium carriers in CdS, CdTe, Ge, and Si during photoconduction 
"lat 100°K are given,.and a Seni ne: method for: several types of local: 
_ levels in: semiconductors -is described... There are 15: figures. 
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“AUTHORS: -Rogachev, A. hey and. Byviin, Gi i. 


oe TITLE: -. Pemperature. a’aciaeuce of the radiative recombination eross. 


section in germanium 


: PERIOUICAL: Fizika tverdogo ‘tela, v. hy no. 6,- “1962, 1676 - 1678 


PENT: The authors! bcetinineey experiments have shown that at: 11 rd and 


with a hi an injection. level (Ap 210) cn ae). the time constants of photo 

: Sevduction in. germanium are greater thea was concluded by van Roosbrock 
and W. Shockley (Phys. Rev., 94, 1558, 1954). They also meas red the ~~ 

temperature dependence of tne radiative recombination cross. section in. 


. n-type Ge ciodes. Only a slight increase in intensity of the. recombination.” 


- radiation. was observed as.the n-p junction was cooled from room temperature 
to liquid nitrogen temperature: . S,-~1/2. It is: stated that the rapid de- 


/ grease: in = with rising temperature,» as established by van. Roosbrock ant 


~. Shockley, is propaply: due to an.error in: calculation. It is: demonstrated, 
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that: even under ideal conditions a cannot decrease more ‘rapidly than in 

". progortion to T ~5/2 There is 1 figure, ate 
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The: energy spectrum. of the gamma radiation defects in oe 
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10, 1962, 2845- 2848. 


“PERIODICAL: Fizika tverdogo tela, Vv. 4y no. 


oa TEXT: . The temperature dependence of the Hall cen atant. was etvat d:on. n- 
“and p-type silicon samples before and: after their exposure to C09. gamma © 
~padiation.. Irradiation (124° 4017 quanta/cm 3 16158 ©1018 quanta/cm* ): Aine 
deduced: the conductivity of silicon. «The measurements carried out: in the =. 
- pange 55- -450°K showed, that irradiation gives rise to two. levels in the. MBER: 
“half of the forbidden band that are capable, of ‘accepting electrons: 
E, - 0.168 ev and E, - 0.5 ete The production ances escent of. these levels 
are approximately 7. 4°10 726 cm? ‘and: 1.810 =27. em? ’ respectively. In ‘the 

here was one level vac 0.23: ev) with 


~ lower half of. the forbidden band + 
a production cross-section of about 1s 210° tome. hor are. 2 ees 


“and 2 tables. 
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z “TITLE: Determination. of the: activation energy of impurity center 
pea levels and of: structural defects in semiconductors | 


"PERIODICAL Pizika tverdogo tela, v. 4, nos 10, 1962, 2049 = 2053 


oe END A: avady. was ade of the temperature dependence of ‘the’ earrier. con-: 
centration in semiconductors with impurities and defects, the. ‘spectra: of: 
> which are complicated: by their being several. types ‘of levels.” “hocordiing “to 
. measurements log ons £(1/T) is, in this case,. a complicated curve ‘com=. ye 
prising. plateaus of different lengths and ‘sections with different. inclina-) 
“. tions. :The activation energy of all ‘possible- jevels is calculated to obtai 
CERT | quantitative theoretical description. For ‘simplicity a semiconductor. igi 
': ‘considered having. two levels in the forbidden band. At absolute zero one * 
\ of them should be partially filled with electrons, and the: other should be_ 
' filled completely (Fig..2). The results can then. be generalized for an 
ae arbitrary. number of levels. If, in the entire. teaperature range the rela- 
~ tion BE, = BED ee is valid mhere ‘OE, are the level: activation sneretesy 
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5 AE, can be datepasned experinentally from the high-teaperature inclined : 
- section, if m, and (ly +m 1) in the point rou oe a) ie determined from 
Ce ae 
ae + Mt, Ns Vn, Tym. : : “ay 


and a(log ‘n)/a(4/t) is determined from the curve. The statistical Sey 
¥,/¥0 of the: levels need not. be known but 2 can be calculated fron ® Me 


: These relations ‘are valid if My Sm, 


- @an be calculated directly from the inclination of the curve with the aia 
of. ie é i : 


, AE: eh eee oe 
Te: (n). 


This: is calculated for a gniseical: case. Pinalif ss further. posaibility is’: 
pointed out: of calculating 4x, from. the Genceratuel: ‘dependence. of. the 


at ‘carrier. density: the. curve oatn-a, )ee(1/2), can, be constructed and the. a & 
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‘Aanaent whosa- inclination gives the. motivation energy directly. can be. draw 
- at the point corresponding | to Ea. (7). N, denotes the effective state : 
density in the ‘conduction band, M, ‘are fie level - ponctat rst tons and my is 
the’ electron concentration on the 4K, level. There - are 3 figures. 
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TITLE: '. . Investigation of. Scupesuduetor spectrometer counters for. 


; measuring fragment energie wo a 
“PERIODICAL: Atomnaya energiya, ve 12, no. 23 i962: 153 -- 154 


MEX? : yoo? fission.fragment energy was jidneused by semiconductor ¢oun= > 
ters developed at the fiziko-tekhnicheskiy institut ‘im. A. F, loffe 
(Physicotechnical Institute imeni A. Fe Ioffe). The surface-barrier | 

“ junction of. these. counters was produced by spraying gold. onto an. n-type. 
silicon plate. . These counters, which ‘were studied earlier by the authors, 
(Atomnaya energiya,.it, noo 3; 217; 1961), were found to: be well suited” 

'.for alpha spectrometry (resolution 0.5% for Ey= 5-5 Mev).. The volume ves 

.. -gharge region. was about 60-4 for maximum voltage, much greater than the 
fragment range in silicon,:: Fragment energy was ‘measured with a 0< 5 nm AL 


target, placed in a thin-walled: aluminum ok chamber. . The “target. hada 
- vacuum-sprayed Lee of UF yy © énriched -in.U 
tard eee 
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“Investigation of semiconductor ees epee 
aes nnd: the. total weight was 120 48> “The silicon counter 

Was ‘placed : ce 5 om pelow : ‘the target to avoid being: hit by: the ‘neutron | bean 

“gollimated | into the chamber. . The counter. pulses: were fed. ‘to. a preampli- 
ve fier. and: thence to 2. 400-channel analyzero The fragment; energy . spectra. gree 

“thus | measured differed considerably from those obtained from. time- Rohe 
_ flight measurements. - This was” found to be due. to energy. “losses in the 
“gounter surface, which. were strongly. dependent on the angle of “incidence : 
of the fragments. As- ‘the : fragments ‘lose most of. their energy. in the first 
part of. their. path - this. effect was much higher ‘for them. than. for alphas; 


Special counters. of , 16 mo area ‘were “produced with a thinner layer ‘of © 
gold and the energy : spectrum was: measured again and compared 4s. pefore. 
with a difference of about 1 Mev .in- ape 


This time the shape was the same, 
sclute values. This is. attributed partly. to energy ‘losses in the fissile. 


layers ‘and partly to the. energy being carried away ‘by fission “neutrons. - 
‘In the Au layer ‘losses do not exceed 1 Mevo ‘Apart. from: ‘other advantages 

the silicon counters yield ‘petter results than e€s° & jonization chambers. 
There are 2 figures and 5: references? “4: Soviet: ‘and 4 non-Soviet:: - -The ne 
four references. to English-language publ igations: read as follove: W. Stein. 
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| mopre (TAGS: | phot oconauct ivity, ‘photoelectric phenomena, ‘gsemicon=-. 
; auctor, carrier generation, carrier motion, carrier ‘recombination, 
‘adhesion, diffusion,” drift, Photoents,. intrinsic photoconductivitys 
extrinsic Bhotoconductivaty : ; sie 


- PURPOSE AND (COVERAGE: ‘The fienodeaon “Gonsiders processes. “of genera> 
. tion, motion,: and recombination of non-equilibrium carriers in semi 
' conductors. Principal » attention is paid to an analysis of recom-. 

< bination via local centers, adhesion, diffusion and drift of non= 
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equilibe lus” carriers in “electric and 1 ‘magnetic’ fields, to. ‘the. related 
phenomena of photoconductivity. (intrinsic and extrinsic) and Photo a 
emf, . and ‘also: ‘to. methods of experimental investigation of the - 
kinetics of photoelectric processes. The book is for F physicists: 
met and engineers dealing with cuppa a 
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, PERIODICAL: “Akodentya ‘nauk: ‘SSR. “Veatnik, 


PEXT : The’ ‘development. of. ‘the: roductien “of oryetal. ‘gountere “ghioh 

- began’ 17. years ago: is- priefly. ‘outlined,.and : the: ‘gdvantages: ‘and shortooaines” 

of ‘germanium or silicon: junétion | “counters and: of ;homogeneous semiconductor oe 
counters are discussed. . “Methods of ‘producing tric: n-p becaiatl ae 
 parrier-countera’ and neisp.. counters: have ‘been weloped: atthe : 


| Pigiko-tekhnicheskiy. - “Shetitut:im.-A.P. Joffe “akademti- nauk | SSSR 
(Physicotechnical Institute imeni-A.PFs: Ioffe. of:the: ‘aAcadeay of Soience wee 
USSR). The n-p ‘junction: ‘eounters. ‘oonaiat. ‘oft i plate. on the surface © 3 
‘of which an n-p surface. barrier. junction. ia. produced. - The janct ion. charge Malis 
‘is the effective. region. ‘of: this: “gounter. =: If: ‘one 'partiole. produces. an: ce 
- electron-hole pair. in.t this ‘region, . “then: this: “pair. is separated by the - 
atrong field and’. virtually. no: recombination ; losses: arise. If the. aeeicle’ . 
remains ingide the. volume: sharge regions " ; 
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pcantes capacitance ‘de: oneened “te ‘cacy ‘proportional to “the: ‘gantdede” on 
- energy. . Two types: have -been developed’ ‘at the Inatitute. The sensitive ~ 
- gurface . of ‘the first’. type waa 50 mn* in’ area, or less,” and 100y thick. | 
> Phese counters .are provided. for the spectroscopy of. alphas, fission = 
fragmenta, ions ete. ‘The resolution ‘for 5-Mev.: w-particles. wge Oe 
The second type had’a. _sensitive- surface. of. approximately. 5 cn*... ‘2-Mev 
a -particles ‘could be ‘detected. Using. a pid: converter, . thermal neutrons : 
oo could -be detected with a counting efficiency. 20 1%. ° Fhe: author developed - 
Do an’ nei Pp: counter: with a ‘sensitive. surface 4. ‘4n‘ area’and ‘approximately — 
~ 2 mm thick for detecting™ 5-Mev separslel ens Tee. atenal-to-notse. ratio 
ae was = 50. There . are, 2 J AOrEes ddan Thegte eos 
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i OTYTLE: Impurity photoelectromotive force induced bby ‘a current 
| sources Fizika tverdogo. tela, WSs no, a 1963, 2023- 2025, 


TOPIC. TAGS: Bhite leceremst lve: force. mune. induction: absorption b band, 
| radiation defect, recharge, electron, "hole, \ injection ee a 


ABSTRACT: _A new effect haa eee diseovered at Ti tuminated: ilicon photodiode 


after passage of a. current pulse through the n-p junction in the permissive direce 


‘tion, the photodiodes’ prove to be sensitive in a new spectral region for the eS 
fundamental absorption band, This relationship is shown in Fig. 1 ‘(see enclosure), 
. The photoelectromotive force has the character of a flash, the amplitude and. .° : 
‘duration of which are determined. by the. intensity of “current or light, Electri-. 
eal recharging (of. electron-hole pairs) is better than optical because the :-in-~ 
i fection takes place ata distance from the n-p junction representing the layer” 
aa? which the p Pisitoalactromocive force. is generated and, because nonequliibrtis: re 
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concentrations can be injected at higher values, the time for ch rging a sample - 
thus being very small, In their work the authors used giliconp otodiodes with; 
radiation defects formed by gamma radiation from C080 | accharge of the levels | 
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